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Digest of Physical Tests. 

A RESUME OF PRACTICAL TESTS MADE IN THE 
LABORATORIES OF THE WORLD. 


Vol. II. JANUARY, 1897. No. I. 


GEORGE WALLACE MELVILLE. 


By Frederick A. Richie. 

T HE subject for our frontispiece of this, the January number of 
The Digest of Physical Tests, is well known to most of our 
readers, and needs no introduction. George Wallace Melville, 
Engineer-in-Chief of the United States Navy and Chief of the Bureau 
of Steam Engineering, was born in the city of New York, January ioth, 
1841. He traces his ancestry far back to noble Scottish lineage. He 
attended the public schools of New York City, particularly Grammar 
School No. 3, then the Christian Brothers’ and Polytechnic School, of 
Brooklyn, N. Y. About i860 he completed his term of apprentice¬ 
ship in the mechanical trades with James Binns’ East Brooklyn 
Machine works, Brooklyn, N. Y. In July, 1861, he received an ap¬ 
pointment as Third Assistant Engineer in the Navy of the United 
States, and served throughout the war in Governmental service, and 
has continued in the same to the present date. 

Mr. Melville has advanced step by step through almost every 
grade, and has now attained the highest position in the Navy Depart¬ 
ment. His last promotion secured him the high rank of Commodore. 

We enumerate below some of the official positions Mr. Melville 
has held, showing this distinguished and eminent engineer’s busy and 
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eventful career. In 1870 Mr. Melville occupied an important 
Brazilian station ; then a short cruise was made by him to the Arctic 
in the “Tigress;” this was in connection with Hall’s Relief Ex¬ 
pedition; then a trip to China and Japan and the East Indies until 
1878. In April, 1879, he joined the “Jeannette” Arctic expedi¬ 
tion, sailing for the Arctic region July, 1879. The success of this 
expedition was mainly due to the intelligent and painstaking equip¬ 
ment of the vessels, especially the judicious selection of all the various 
articles of clothing, diet, etc., etc., to which Mr. Melville gave his 
personal supervision in every detail. 

The history of this expedition is well known by every reader 
who has been entertained and startled by the perilous adventures of 
the brave men who passed several years of their lives within the 
Arctic Circle. This first expedition occupied from 1879 until June 
12th, 1882. The “Jeannette” was crushed in the ice, and the ex¬ 
plorers were obliged to abandon it and escape on sledges, and finally 
returned to New York on September 13th, 1882. In 1883 he was a 
member of Greely Relief Expedition and rendered efficient service 
in fitting out and serving on the “ Thetis” of the Relief squadron. 

In 1886 we find this engineer on duty at Messrs. Cramp Ship 
Yard, Philadelphia. In 1887 he received the appointment of Chief 
of Bureau of Steam Engineering and Engineer in-Chief of the Navy, 
which position he has held ever since. His present term of duty 
will expire January 16th, 1899. Under existing law the Com¬ 
modore will retire from active service January 10th, 1903. 

Scarcely any official in the U. S. Government service has been the 
recipient of as many titles and decorations as Commodore Melville. 
They are almost too numerous to mention ; among the most promi¬ 
nent might be noticed the following: 

Doctor of Engineering; E. D. Degree conferred by Stevens 
Institute, Hoboken, N. J. ; Gold Medalist by Act of Congress of the 
United States, and promoted fifteen numbers for heroic and merito¬ 
rious service in the Arctic; Honorary member of Society of Naval 
Architects of Great Britain ; Honorary member Society Anthropology 
and Geography, Sweden ; Member of National Geographical Society 
of the United States ; also of the Geographical Club of Philadelphia ; 
Military Order of Eoyal Legion; Grand Army of the Republic; 
Naval Order of the United States; Society of Mechanical Engineers 
of the United States ; Naval Architects and Marine Engineers of the 
United States. 
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It is not the intention of the writer, nor is it necessary to attempt 
to add any praise to or enlarge upon the merits of our distinguished 
countryman. Too often indeed it is the case, after their decease, to 
honor those whose incessant application in their calling has elevated 
them to the highest positions. Instances can be recalled of con¬ 
spicuous examples of sad neglect, and unrequited reward, as the only 
returns of heroic service; nor is this peculiar only to the United 
States. It therefore affords us pleasure to note the many expressions 
of esteem and admiration already tendered the subject of this article, 
and we desire to emphasize this fact. We wish Commodore George 
Wallace Melville a continuation of that which he has so rightly 
earned by his labors—success. 


LONGITUDINAL VS. TRANSVERSE STRENGTH 
OF STEEL PLATE. 


By Prof. C. H. Benjamin, Case School of Applied Science , Cleveland , O. 


J N building the ordinary forms of steel boilers it has been the cus¬ 
tom formerly to run the plates around the shell instead of length¬ 
wise, thus bringing the longitudinal strength of the plate in the 
direction of the greatest fibre stress. With the introduction of steel 
in place of iron as a material for boiler shells, this arrangement has 
been done away with to a large extent and the lower half of the shell 
has been made of one steel plate running lengthwise of the boiler, 
with no ring seams over the fire to cause trouble by scale and over¬ 
heating. 

This has been done on the assumption that steel plate, being 
homogeneous in texture and not fibrous, has the same strength in either 
direction. Although the truth of this assumption is pretty generally 
recognized by steel manufacturers, some makers and users of boilers 
have been rather skeptical on the subject, and the writer has not seen 
much definite information published in regard to it. The experi¬ 
ments to be described were made' under the direction of the writer in 
the mechanical laboratory of the Case School of Applied Science by 
Mr. R. B. Kernohan as a part of his graduating thesis. 

Four pieces of steel boiler plate, each 30x16x^4 inches, were 
purchased from the manufacturers, two from the Otis Steel Company 
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of Cleveland, and two from the Parke Bros. Company of Pittsburg, 
one piece being flange and one marine steel in each case. 

The direction of rolling was ascertained and marked on each 
plate. As there is no desire to compare the products of the two firms 
mentioned, the names will be omitted in describing the tests. The 
plates were marked off, numbered, and finally sheared in the manner 
shown clearly by Fig. i. The test-pieces were made from these strips 
by milling to the standard shape of tension specimens for flat plate, 
with a distance of eight inches between marks. 

Mr. Kernohan made careful analysis of samples from each plate, 
determining the carbon, sulphur, phosphorus, and manganese. 

The specimens were all tested for tensile strength and ductility 
in a Riehle 60,000 lb. testing machine owned by the school. Auto¬ 
graphic diagrams of the elongation were made by the use of a new 
recording extensometer devised by the writer and shown in Fig. 2; 
from these the elastic limit and modulus of elasticity were determined. 

Tables 1 to 4 show the results calculated from the experiments, 
the numbers referring to the marks on the specimens, as shown in 
Fig. 1. These tables explain themselves, and it is only necessary to 
say that the elastic limit in each case was determined by inspection of 
the characteristic curve drawn by the extensometer, and that as this 
line is a curve of gradually increasing curvature from the origin to the 
elastic limit (see Fig. 3) there is no constant value of the modulus E. 
The first value in each case is calculated from the elongation at the 
elastic limit, and the second value from the elongation at one-half the 
elastic limit. The latter value corresponds quite closely to what 
would be obtained by using, the tangent to the curve at the origin. 
A careful study of the tables will convince any one that there is prac¬ 
tically no difference in their main characteristics between the longi¬ 
tudinal and the transverse strips. The differences between consecu¬ 
tive pieces from the same set are often greater than the differences 
between averages of the two sets. 

The specimens Nos. 43 to 48 were of uneven thickness, and con¬ 
sequently broke near one end. This made any calculation of the 
percentage of elongation impossible and rendered the values for con¬ 
traction and for unit stress somewhat uncertain. With these excep¬ 
tions the experiments can be relied upon. 

As the extensometer used in these experiments is of a new pat¬ 
tern designed by the writer, and this is the first extended use that has 
been made of it, a brief description of the instrument will be given. 


Transverse. Longitudinal. I II | Transverse. Longitudinal. 
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Table I.— No. i Flange Steel. 







Modulus ol 

Elasticity. 

No. 

Contraction, 
Per Cent. 

Elongation, 
Per Cent. 

Stress at 
Elastic Limit. 

Ultimate 

Stress. 

At Elastic 

At One-half 






Limit. 

Elastic Limit. 

I 

43 1 

26.3 

34,98° 

58,290 

18,170,000 

38,160,000 

2 

46.6 

28.1 

34,760 

57,500 

19,310,000 

40,390,000 

3 

47-4 

24.4 

34 , 9 ^° 

58,370 

21,860,000 


4 

45-9 

26.5 

34,980 

58,060 

18,900,000 

42,910,000 

5 

47.2 

25.6 

35,630 

58,270 

19,200,000 

38,160,000 

6 

40.1 

25.O 

35.050 

57,850 

18,940,000 

43,000,000 

Av. 

45-1 

26.0 

35, 0 63 

58,057 

* 9 , 393 > 000 

40,520 OOO 

7 

44.6 

24.4 

34,650 

58,270 

18,480,000 

44,150,000 

8 

44.4 

24.4 

33,550 

58,730 

26,840,000 

41,560,000 

9 

46.1 

23.8 

33,550 

58,490 

26,840,000 

39,250,000 

10 

44-5 

22.5 

34,520 

59,470 

15.010,000 

64,800,000 

11 

45.2 

23.8 

35,680 

58,170 

23,780,000 

45.440,000 

12 

46.4 

25.0 

34,650 

58,390 

27,730,000 

50,460,000 

Av. 

45-2 

24.0 

34,433 

58,587 

23,113,00° 

45 - 943 , 000 


Chemical Analysis, C=o.i8%, S— 0.04^9, 
P — 0.032 f 0 , Mn^o.45^. 


Table II.— No. 1 Marine Steel. 


No. 

Contraction, 
Per Cent. 

Elongation, 
Per Cent. 

Stress at 
Elastic Limit. 

Ultimate 

Stress. 

Modulus of Elasticity. 

At Elastic 
Limit. 

At One-lialf 
Elastic Limit. 

13 

62.0 

3*-9 

25,810 

47,690 

17,200,000 

42,730,000 

14 

64-3 

35 -o 

25,820 

47730 

16,660,000 

52,425,000 

15 

62.X 

32.5 

26,330 

47,690 

30,080,000 

55 , 440,000 

16 

62.8 

33-8 

25.920 

47 «* 3 ° 

19,200,000 

39 , 320,000 

17 

66.5 

33 * 

24,880 

46,890 

21,635,000 

50,040,000 

18 

64.8 

32.5 

26,310 

47,020 

20,240,000 

45 , 770,000 

Av. 

637 

33 * 

25,845 

47,275 

20,836,000 

47,621,000 

19 

58.5 

337 

25,850 

47,600 

23,500,000 

42,060,000 

20 

62.7 

33-8 

25,920 

47,000 

23,560,000 

39,500,000 

21 

67.0 

33 1 

2 . 5,570 

46,970 

26,225,000 

45,260,000 

22 

60.0 

32.5 

26,590 

46,820 

*8,330,000 

45,450,000 

23 

60.I 

33 -* 

26,910 

47,320 

15,380,000 

46,410.000 

24 

59-9 

33 * 

26,730 

47,120 

22,270,000 

50,800,000 

Av. 

61.4 

33-2 

26,260 

47,140 

21,544,000 

44,827,000 


Chemical Analysis, C = o. 13 %, S = 0.026^, 
P = o.oo4%, Mn — 0.45^. 



































6 


Digest of Physical Tests. 


As shown in Fig. 2, the extensometer is of the lever type and 
records the extension directly on a revolving drum multiplying the 
elongation in the ratio of 50 to 1. The object in designing this in¬ 
strument was to make an extensometer which should be attached 
directly to the specimen and should be self-contained, not touching 
the testing machine itself and consequently not being affected by 
springing of the machine or by slipping of the jaws. It was desired 
that the instrument should contain the least possible number of mov¬ 
ing parts and should be free from the errors due to the use of cords 
or belts. 

Referring to Fig. 2, F and G are the upper and lower grips re¬ 
spectively, which are attached to the specimen, T, by pointed steel 
thumb-screws and connected together by a piece of light brass tubing. 
The lower grip, G, is pivoted to a collar which can be adjusted ver¬ 
tically on the brass tube by means of milled check-nuts. To G is 
attached the light steel lever L, carrying at its outer end the pencil or 
pen, P. 

The lever is so proportioned that RP is 30 inches and the dis¬ 
tance from the fulcrum, R, to the pointed screw is 0.6 inches, giving 
a multiplication of 50 to x. The screw S enables the operator to 
adjust the pressure of the pencil on the paper, while the milled nuts 
and sliding collar on the lower grip provide for a vertical adjustment 
of the pencil. 

By means of a bronze elbow the horizontal brass tube H, carrying 
the drum D, is attached to the extensometer in such a manner that the 
drum may be swung horizontally into the most convenient position 
for recording. The drum is rotated by a small worm, W, which in 
turn is connected by means of a very light double Hooke’s joint to a 
shaft on the testing machine. This latter shaft is geared directly to 
the hand wheel which moves the poise on the beam of the machine. 
The drum is thus rotated an amount proportional to the load on the 
specimen, while the pencil moves up on the attached paper an amount 
proportional to the elongation of the specimen. 

It will be seen that this instrument has no connection with the 
testing machine itself, except through the medium of the jointed shaft 
which drives the drum. This shaft is made of light tubing and is 
telescopic, so that there can be no pull or push exerted on the drum, 
and as the latter turns very easily there can be no appreciable deflec¬ 
tion of the apparatus from this cause. 

This particular instrument was designed for attachment to a 
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Riehle machine, but it can be easily applied to any vertical testing 
machine. It may be thought that the instrument is rather heavy to 
suspend directly to the specimen, but no difficulty has been found in 
this respect. The present instrument, an experimental one, weighs 
but 5 lbs., and exerts a horizontal pull of only 8 lbs. on the screws of 
the upper grip. 

If it were thought desirable, by employing aluminum and steel 
the weight could probably be reduced to three pounds, but the writer 
has found a certain mass to be of advantage to ensure freedom from 
vibration. 

In Figs. 3 and 4 are shown sample autographs taken by this exten- 
someter, one autograph from each set, as figured in Tables t to 4. 


Table III. — No. 2 Flange Steel. 


No. 

Contraction, 
Per Cent. 

Elongation, 
Per Cent, 

Stress at 
Elastic Limit. 

Ultimate 

Stress. 

Modulus of Elasticity. 

At Elastic 
Limit, 

At One-balf 
Elastic Limit. 

2 5 

26 

27 

28 

29 

3 ° 

527 

5°-4 

51-3 

507 

53 - 6 

50.0 

28.1 

26.9 

28.1 

2 7'5 

27.5 

28.1 

33.780 

33.340 

32,4SO 

3 C 340 

31,640 

30,360 

55,340 

55,340 

55,960 

55.IIO 

55775 

55,460 

14,080,000 

14,490,000 

20,305,000 

17,910,000 

25,320,000 

18,400,000 

35,560,000 

44,440,000 

36,460,000 

40,140,000 

35 , 530,000 

42,020,000 

Av. 

5*5 

2 77 

3 2 d 57 

55,414 



3 1 

48.3 

25.0 

3 ° 550 

54,675 

24,460,000 

32,580,000 

3 2 

39 A 

12.5 

32,960 

57750 

11,990,000 

42,040,000 

33 

559 

28.8 

3 2 ,590 

56,075 

25,080,000 

35 , 975 ,ooo 

34 

54-5 

25.6 

32,920 

56,200 


54,200,000 

35 

49-5 

25.6 

33730 

55700 


38,960,000 

3 6 

52.8 

25.6 

33 , 6 io 

55,600 

24,560,000 

40,720,000 

Av. 

50.0 

2 3-4 

32,627 

55,917 

21,138,000 

40,746,000 


Chemical Analysis, 0 = 0.19%, 8 = 0.052%, 

P = 0.04%, Mn =0.45%. 
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Table IV.—No. 2 Marine Steel. 



No. 

Contraction, 
Per Cent. 

Elongation, 
Per Cent. 

Stress at 
Elastic Limit. 

Ultimate 

Stress. 

Modulus of Elasticity. 

At Elastic At One-half 

Limit. Elastic Limit. 


37 

513 

25.O 

34,350 

58,290 

19,630,000 

39,960,000 

C/I 

38 

53-6 

24.4 

34,290 

57,900 

28,580,000 

59 , 740,000 

0/ 

39 

S3- 1 

27-5 

32,790 

56,150 

22,610,000 

36,430,000 

</I 

c 

40 

57 -o 

25.0 

3 M 7 o 

55,360 

15,990,000 

50,640,000 


4 i 

52.3 

26.9 

32,760 

55,590 

24,270,000 

47,230,000 

H 

42 

53 -o 

28.8 

31,810 

55 , 7*0 

21,210,000 

35,020,000 


Av. 

53-4 

26.3 

32,862 

56,500 

22,048,000 

44,837 000 


43 

63.0 


33,o8o 

51,910 

25, 45 °, 000 

40,140,000 

Q 

44 

65.6 


34,630 

5 *,* 5 o 

26,640,000 

52,430,000 


45 

61.0 


34 , 8 oo 

51,290 

25,780,000 

41,250,000 

•fij 

46 

634 


32,830 

51,710 

26,270,000 

40,680,000 

c 

0 

47 

63-5 


33,140 

5 *,i 5 o 

25 , 5 °°, 000 

38,900,000 

H-l 

48 

60.6 


33,i8o 

53,290 

27,590,00° 

37,560,000 


Av. 

63.0 

.... 

33,6io 

5*,75o 

26,205,000 

41,827,000 


Chemical Analysis, C = o.i3$, 8=0.031$, 

P — 0.028$, Mn=o.46$. 
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Figure II, 
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TESTING. 


I T is questionable if any department of mechanical science has 
made such rapid strides for the determination of reliable data as 
testing. If we look at the matter in a common-sense way, 
■nothing else but gradual improvement can be expected. Among 
mechanicians who are constantly engaged in new developments, an 
-every-day-expression is “wonder how it will stand?” The answer 
comes, “ try it, test it.” To accomplish all the requirements of test¬ 
ing means an immense amount of study; a thorough knowledge of 
machine design of the most accurate form, and an up-to-date experi¬ 
ence in the material used for testing. In Britain and Europe testing has 
long been an established necessity for almost every commercial article 
upon which any reliance is demanded. We here are pushing forward, 
in every branch of this most interesting science, to obtain best results 
in manufacture, to possess reliable data, and to check the manufacturer 
who would—were it not for testing—send out an inferior and faulty 
article. 

Our esteemed contemporary, The American Machinist, in its 
issue of November 26th, seems rather inclined to throw a shadow 
over this all-important subject, suggesting that “horse-sense and a 
knowledge of dark ways, etc., are needed to detect the efforts of 
interested parties to deceive the expert in charge.” 

Expert is a term used to define one thoroughly versed in a sub¬ 
ject upon which he is engaged. Unfortunately, in many instances, 
the man in charge is not equal to the term, hence it proves inexperi¬ 
ence in this direction is alone responsible forbad and “watered” 
tests. But this fact does not show that the science is at fault. 

Further on The Machinist proclaims that the “ real brain-rack¬ 
ing problems are solved over the drawing-board and in the shop.” 

I have often heard it said, and seen verified in practice, that 
“money is made and lost in the drawing-room.” It would appear to 
any engineer of common sense that the less his assistants knew about 
the physical properties of the material used in construction, the 
greater would be the errors and consequently his losses. To us it 
seems absolutely impossible for any student or engineer in practice 
to devote himself to construction without a very large and correct 
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knowledge of the physical properties of material upon which he is 
engaged—whether he got this from text-books or otherwise, it is 
purely the outcome of the result of testing. It is possible that there 
are investigations made in schools totally unnecessary for practice 
and perhaps have absorbed much time and expense in their prepara¬ 
tion, yet it is and must be interesting to the student, for he gleans 
much from the contact with the operation, in being able to investi¬ 
gate the delicate machinery and its mode of construction. In these 
elaborations it is not testing, nor is it the student, to blame, but the 
professor who, perhaps due to his advanced ideas, has a failing 
toward measuring the infinite. Ike Machinist would have us believe 
that the only subject studied in our engineering schools is machine 
design. Civil, electrical, and mining engineers all are intensely 
interested in the development of the physical properties of materials 
through the medium of testing. 

Our contemporary says: “Machine building is primarily a 
matter of business and not of science, and this worship of tests and 
efficiency tends directly to obscure this fact and to lead to the reverse 
conclusion.” 

Experience alone is the “ matter of business,” which is only the 
outcome of endless contact with the possibles and impossibles, inves¬ 
tigating previous experience, experimenting on that which has been 
done; in short, it comes down to a most potent yet simple fact: 
trial or test; it is undeniably the practice, and is the only means of 
proving or disproving theory. The more we test and measure the 
efficiency of a machine the better able are we to determine the quality 
of material; the best mode of improving its defects, whether this or 
that oil is best suited for its lubrication, etc. A testing laboratory 
is of the utmost importance, because it often sayes much labor in 
predetermining a quantity otherwise unsolvable, thus giving the con¬ 
structor confidence in his work, relieving him of the uncertainty and 
worry of waiting the result of failure or success in any detail of his 
work after its construction. Again our contemporary complains of 
the elaborate machinery in our schools. If a little time was given in 
figuring out the number of students attending the mechanical en¬ 
gineering courses, and allow that each one should himself participate 
in the preparation and carrying out of a test, it will be found that 
nine cases out of ten the experimental machinery is miserably in¬ 
adequate, making it impossible for the individual student to test alone, 
or even in company with another. Generally our colleges that have 
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good incomes, and whose patrons believe in bringing students in close 
touch with the times, provide experimental machinery in proportion 
to the demands made upon it. Other poorer institutions struggle 
along without such necessities, but always in a complaining tone, 
deploring their condition. But it is not the schools that have all the 
testing appliances. Nearly every engineering concern of repute has a 
testing room of some sort, many extremely elaborate. May we ask, 
is it because they have money to throw away ? No ; they appreciate 
the fact of being able to determine themselves the means whereby 
they can improve their output, or their machines, as the case may be, 
and fill the conditions of a binding contract. Thus we see the schools 
are endeavoring to follow only in the wake of actual practice, guided 
by their able instructors, the majority of whom are men in close 
harmony with things that are and can be, who feel the importance of 
machinery for experiment as object lessons, to hasten the students’ 
education in so wide a field. Many of our old instructors envy the 
path of students nowadays, because of the easy access to the means of 
solving problems they had to struggle years to determine. As time 
advances greater knowledge is developed, greater demands are made 
upon man, and he alone can succeed who is cognizant of the present 
condition of the sciences. He alone can stand the test. 

Editor. 


Strength of Welds. —Some experiments made at the engineer¬ 
ing laboratory of the University of Michigan to determine the 
strength of welded joints are especially interesting. Of a number of 
the specimens tested not one broke in the weld; as some of these were 
slightly larger at the weld, a new set of specimens was prepared and a 
cut taken from each in the lathe to reduce the piece to a uniform 
diameter throughout its length between the jaws of the testing ma¬ 
chine. Common round iron was used. Three bars were taken at 
random; 1^ inches, 1 inch, and ^ inch in diameter. From each 
bar four specimens were prepared, one solid, one lap-welded, one butt- 
welded, and one split-welded. The results show that only two speci¬ 
mens, both lap-welded, broke at or near the weld ; the fracture in one 
case was slightly crystalline and in the other fibrous. The strength in 
no case departed widely from the strength of the solid parts. It 
would seem from these tests that with skillfully made welds we may 
expect to realize nearly the full strength of the original bar. 


PHYSICAL TESTS OF MATERIALS. 

By R. II. Thurston , Director, Sibley College, Cornell University, Ithaca, N. V. 


I T gives me great pleasure, in compliance with the request of the 
editor of The Digest of Physical Tests, to submit a few sug¬ 
gestions relative to methods and purposes of some such work 
that may perhaps prove helpful to those seeking to find a special field 
■of research in this department. The value of the matter already 
.accumulated and so w r ell presented in this journal is, perhaps, the best 
possible evidence that the skilled investigator in engineering can find 
no field in which his explorations are likely to be more fruitful of 
valuable and professionally helpful result. A few historical remi¬ 
niscences may suitably introduce the subject-matter and preface our 
■conclusions. 

In the course of the year 1873 plans for the organization of a 
“ Mechanical Laboratory,” given shape in 1871 and earlier by the 
writer, began to take material form, and that year was marked by the 
entrance of their author upon a series of investigations relative to the 
various effects of method and time of stress and of strain upon the 
materials of construction, using for much of the work a form of 
“ autographic recording testing machine,” which was, so far as known, 
the first of that class. The first test-piece placed in the machine gave 
an “ autographic ” diagram on which was recorded a discovery which 
attracted very general attention, and proved the introductory to a 
very extended series of researches in his own laboratory and also 
abroad. It was the recorded fact of “the exaltation of the normal 
■elastic limit-series by time and strain.” This discovery was reported 
to the American Society of Civil Engineers in the autumn of that 
year.* 

The effect of the “ Flow of Metals,” and of the force of polarity 
described by Prof. Henry, in modifying their resistance to external 
stress and their strain, was stated by the writer as follows: f 

“ The same molecular movement, or flow, which rearranges the 
internal force and relieves internal strain may be a phase of that 
viscosity which Vicat supposed might in time permit rupture of metal 

* Trans. A. S. C. E„ Vol. Ill, p. 13. 
t Ibid. ; also vide Trans. A. S. C. E„ March 1st, 1876. 
l6 
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subjected to stress nearly approaching its original ultimate resistance, 
the one action being a more immediate result than the other, and the 
latter producing its effect, even when cohesive force may have been 
actually intensified. 

“ It was noted, however, that in the cases in which wrought iron 
and steel had been subjected to stress exceeding the elastic limit the 
metal had exhibited no tendency to flow, and that in nearly every case 
observed an actual ‘ elevation of the elastic limit by strain ’ had taken 
place. No experiment had then been made by the writer in which the 
same sample had exhibited both the elevation of the elastic limit by 
strain and the phenomenon of flow. 

“ Since that time, when experimenting upon copper, strain- 
diagrams produced automatically have been observed to exhibit this 
double effect. The elevation of the elastic limit has occurred in the 
earlier part of the test, and, at a later period, the strain-diagram ex¬ 
hibits flow, the metal yielding under a gradually decreasing stress. 
The progressive distortion which had never been observed by the 
writer in iron or steel, has since been frequently noted in other mate¬ 
rials.” 

* ^ • * * * 

The paper referred to thus enunciated a principle which was 
deduced from experiments on wrought iron which is, if possible, of 
more vital importance to the engineer than the facts just given, viz. : 
That the time during which applied stress acts, is an important 
•element in determining its effect, not only as an element which 
modifies the effect of the vis viva of the attacking mass and the action 
of the inertia of the piece attacked, but, also, as modifying seriously 
the condition of production and relief of internal strain by even 
simple stresses.* 

It was also shown, by autographic strain-diagrams, that some 
materials yield the more readily the more rapidly the distortion and 
rupture are produced, their resistance varying in some inverse ratio, 
with the rapidity of change of form. It was further indicated that 
this action might be closely related to the opposite phenomenon of the 
elevation of the elastic limit by strain. An explanation was offered 
in the theory that, with rapid distortion insufficient time is allowed 
for the relief of internal strain in materials capable of exhibiting that 
condition. It was further remarked that “ the most ductile sub- 


* Vol. Ill, page 30. LXI. Yol. II, page 239. CXV. Vol. IV, page 334. 
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stances may exhibit similar behavior, when fractured by shock or by 
any sudden applied force, to substances which are comparatively 
brittle,” and illustrations were given of such behavior, and the pre¬ 
cautions to be taken by the engineer, in view of this important modi¬ 
fication of the resistance of materials by velocity of rupture, were 
stated. 

“ Should it be true, as suggested by the writer, that the cause of 
the decreased resistance, sometimes observed with increased velocity 
of distortion, is closely related to the cause of the elevation of the 
elastic limit by strain,* it would seem a simple corollary, that materials 
so inelastic and so viscous as to be incapable of becoming internally 
strained during distortion should offer greater resistance to rapid than to 
slowly produced distortion, in consequence of their inability to ‘ flow ’ 
so rapidly as to reduce resistance by such fluxion at the higher speed, 
or by correspondingly reducing the fractured section. This principle 
has been shown, by a large number of experiments, to be frequently, 
if not invariably, the fact. Copper, tin, and other inelastic and ductile 
metals and alloys are found to exhibit this behavior, and are, there¬ 
fore, quite opposite in this respect to ordinary wrought iron and 
worked steel.” 

The writer had noted the fact that very soft wrought iron does 
not always exhibit an observable elevation of the elastic limit by strain, 
and Com. L. A. Beardslee, U. S. N., had observed that the softest and 
most ductile specimen of iron then tested by him at the Washington 
Navy Yard exhibited a perceptible increase of resistance with a con¬ 
siderable increase of rapidity of extension. This metal was peculiar 
in its softness and extreme extensibility. All the irons of commerce 
appear to belong to the other class, as then shown. 

Autographic strain-diagrams, given by this class of metals, 
exhibited smooth, straight, and horizontal lines for long distances on 
the paper where the distortion is produced by a uniform motion. In¬ 
creasing the rapidity of distortion caused an immediate and sustained 
elevation of the pencil, and a decrease of velocity causes the line to 
droop to a lower level. In some experiments a torsion of one revo¬ 
lution in a half-hour, the test-piece being ^-inch diameter and one 
inch long, just kept the pencil on a horizontal line. 

Two test-pieces from the same bar were broken, the one rap¬ 
idly, the other slowly. The former gave a strain-diagram of which 


* Transactions, N ol. Ill, page 363. 
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the maximum ordinate was about 50-foot pounds higher than the 
maximum of the latter, the difference being nearly 50 per cent, of 
the higher. 

“It is evident that, whatever the character of the material and 
whatever the velocity of rupture, the effect of the inertia of the mass, 
and of particles not immediately affected by a shock, remains, and 
that its effect is always to reduce the resilience of the metal and its 
resistance to shock; and this reduction may, in many cases, more 
than compensate the increase of resistance here noted. Its tendency 
is always to produce a sharp fracture which, with such sudden blows 
as are given by cannon shot, for example, may resemble the break 
characteristic of brittle and non-ductile substances.” 

The writer proposed, therefore, to divide the metals used in con¬ 
struction into two classes: 

1st. Metals subject to internal strain by artificial manipulation 
and which may exhibit an elevation of the elastic limit by strains 
and decreased power of resisting stress under increasing rapidity of 
distortion. The ordinary irons of commerce are typical of this 
class. 

2d. Metals of an inelastic viscous character, not subject to in¬ 
ternal strain, and not usually exhibiting an elevation of the elastic 
limit by strain, and which offer increased resistance when the 
rapidity of distortion is increased. Tin is a typical example of this 
class. 

It is obvious that the value of the former class for the construc¬ 
tion of the engineer is vastly greater than the latter, and especially 
for permanent loads and low factors of safety. 

A study was later made of “ the rate of set of metals subjected to 
strain for considerable periods of time,” and this was the subject of a 
report to the A. S. C. E., in which were discussed the two distinct 
phenomena: the “decrease of resistance at a fixed distortion ” and 
“ the observed increase of deflection under static load.” * 

It was found that, with a fixed and invariable deflection, for 
example, of a bar of any one of the considerable variety of metals 
tested, including iron and the brasses and bronzes, the effort of the 
flexed bar to regain its initial form became less and less as time pro¬ 
gressed, often approximating zero, and, at last, in the case of the 
brittle metals, fracture might even occur at loads, as in one case, at 


* Trans. A. S. C. E., December 6th, 1876. 
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least, 25 per cent, lower than those the same bars had earlier sus¬ 
tained, and at still unchanged flexures.* The deductions were : 

“ That in metals of all classes, under light loads, this decrease of 
effort and rate of set become less and less noticeable until, after some 
time, no further change can be observed, and the set is permanent.” 

“That in metals of the ‘tin-class,’ or those which had been 
found to exhibit a depression of the elastic limit with strain, a heavy 
load— i. e., a load considerably exceeding the proof-strain, the loss of 
effort continued until, before the set had become complete, the test- 
piece yielded entirely.” 

“ And that in the metals of the * iron-class,’ or those exhibiting 
an elevation of elastic limits by strain, the set became a maximum and 
permanent and the test-pieces remained unbroken, no matter how near 
the maximum load the strain may have been.” 

On the other hand, loading the bar with a given weight and 
allowing it free suspension, so that the deflection might take care of 
itself, it was found that the irons and steels, and usually and rarely an 
alloy, would deflect continually, more and more, to a limit; the deflec¬ 
tion then ceasing, the bar would remain, indefinitely, unchanged. On 
the other hand, nearly all metals and alloys would exhibit a continu¬ 
ous and unintermitted depression, if the freely suspended loads ap¬ 
proached their ultimate resistances, and even, in some cases, if it 
were above one-half the maximum momentary load which the metal 
was capable of carrying, and fracture would in time result; the time 
being the greater as the load was the smaller, proportionally. For most 
metals and alloys, and even for the woods, it was thus finally concluded, 
“an apparent factor of safety of two is actually but a factor of one.” 
The real factor of safety, for permanent loading, is in such cases but 
about one half that which appears from a simple ordinary testing 
machine determination. For iron and steel, this is less true, if not 
entirely the reverse. 

Rased upon this fact of the “ exaltation of the normal elastic 
limit by strain,” the writer proposed “a new method of detecting 
overstrain in iron and other metals, and its application in the investi¬ 
gation of accidents to bridges and other constructions.” f It was 
shown that the phenomenon above described, as then discovered and 
announced by the writer, produced a permanent record in the mate- 


* Ibid., Section 1. Such fracture did not occur with iron, 
f Trans. A. S. C. E., March 20th, 1878. 
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rial itself, of the maximum stress to which it had been subjected ; the 
elastic limit of a bar of iron or of steel which had been thus strained 
being the approximate measure of the stress thus applied. In fact, 
the elastic limit may arise somewhat after the stress has been re¬ 
moved. 

For good bridge irons, the amount of the excess of the ex¬ 
alted limit, as shown by subsequent test, above the stress at which the 
load had been previously removed was expressed approximately by 
the formula: 

is 1 = 5 Log. T \ 1.50 per cent.; 

in which the time, T, is given in hours of rest after removal of the 
tensile stress which produced the noted stretch. 



Fig. 2.—Exaltation of Elastic Limits. 


“Thus, in the figure, which is a fac simile of a part of a strain- 
diagram produced by such an iron, during a test in which the inter¬ 
mission of stress was of too brief duration to cause an observable 
exaltation of the normal elastic limit in a diagram drawn on so small 
a scale, the point E is the primitive elastic limit of the material, 
and E 1 E u E E' v , are the normal elastic limits corresponding to sets 
under loads which have strained it beyond that primitive elastic limit. 
In the example here illustrated the primitive limit is found at about 
20,000 pounds per square inch, or 1,400 kilograms per square centi¬ 
meter, and the other points are those corresponding to loads of, re¬ 
spectively, 21,000, 22,500, 25,000, and 30,000 pounds on the inch, 
or to 1,470, 1,575, 1,750, and 2,too kilograms on the square centi¬ 
meter. The corresponding extensions, as shown on the diagram, are 
1.25, 2.53, 4.50, and 6.78 per cent. 

Had the stress been intermitted at either of these points any 
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considerable period of time, there would have been observed a rise in 
the diagram as above stated like that shown in Fig. 1, at £ y the 
normal elastic limit e, being, on subsequent test, found altered and a 
new limit, e', observed. The extent of this elevation of the limit 
would be the greater as the time of rest was greater, as was then shown. 

Thus it was proved that a metal, once overstrained, carries, perma¬ 
nently, unmistakable evidence of the fact,* and can be made to reveal 
the amount of such overstrain at any later time with a fair degree ot 
accuracy. This evidence cannot be entirely destroyed, even by a 
moderate degree of annealing. Often only annealing from a high 
heat, or reheating and reworking, can remove it absolutely. Thus, 
too, a structure broken down by causes producing overstrain in its 
tension members, or in its transversely loaded beams (and, probably, 
in compression members, although the writer is not yet fully assured 
of the latter), retains in every piece a register of the maximum load 
to which that piece has ever been subjected; and the strain-sheet of 
the structure, as strained at the instant of breaking down, can be 
thus laid down with a fair degree of certainty. 

Here, then, when the work thus performed shall have been 
properly complemented with experimental determinations of the be¬ 
havior of all the materials of general use in construction, is to be 
found a means of tracing the overstrains which have resulted in the 
destruction or the injury of any iron or steel structure, and of ascer¬ 
taining the cause and the method of its failure, in cases frequently 
happening in which they are indeterminable by any of the usual 
methods of investigation. 

The fact of the normal variation of the elastic limit, as change of 
form progresses under gradually increased load, was fully established 
by the experiments of Hodgkinson, Clark, Mallett, and other English 
investigators; by Tresca, particularly, in France; by Werder and 
Bauschinger in Germany, and by Beardslee, the writer, and others in 
the United States. 

'The exaltation of the scries of normal limits so produced, still 
further, as shown by the writer and as seen in Fig. 1, by the inter¬ 
mission of strain, as at £ y , is now a matter of no uncertainty as to 
its character, although still more study is needed to determine the 
modifying effects of time of intermission of stress with the two gieat 


* The writer has found by subsequent tests that every strain produces the same 
effect upon the elastic limit for all directions of stress. 
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classes and when not of the same composition. The method then 
outlined of determining the extent of previous overstrain may, there¬ 
fore, be expected to have many useful applications.* 

It was shown in this paper that it is, in some cases, at least, 
perfectly possible to trace the varying' stresses which have occurred in 
the members of a bridge, broken down by any accident, in such 
manner as to discover the point at which the maximum load was 
applied in its fracture, and thus to, in some cases, ascertain the prob¬ 
able cause and method of breakdown. A typical example, closely 
corresponding to an actual case investigated by the writer, was illus¬ 
trated. 

It was found, as then shown, that the load on the structure 
at the time of the accident was but sufficient to make the maximum 
stress on these rods—if properly distributed—20,000 pounds per 
square inch at the threaded part of the piece; which piece, it had 
been seen, had been broken by a strain nearly double that figure. 
The fact was at once inferable that the load came upon these members 
with such suddenness as to have fully the effect of a live load (as 
taken in the text-books) and giving a maximum stress equal to twice 
that produced by the same load gradually applied— i. e., the case in 
which the load falls through a height equal to the extension of the 
piece strained by it, the resistance being assumed to increase directly 
as the extension up to the point of rupture—an assumption which is 
approximately correct for brittle materials like hard cast iron, but 
quite erroneous in the case of some ductile materials, which latter 
sometimes give a work of ultimate resistance amounting to three- 
fourths or even five-sixths of the product of maximum resistance by 
the extension. 

This accident was thus really caused by the entrance upon the 
bridge of a load capable of straining the metal to about one-half of 
its ultimate strength, if slowly applied, but which, in consequence of 
its sudden application, doubled that stress. 

“ This sudden action may have been a consequence either of its 
coming upon the structure at a very high speed, or a result of the 
loosening of a nut, or of the breaking of a part of either the bridge 
floor or of one of the trucks of the train. The latter occurrence, per¬ 
mitting the load to fall even a very small distance, would be sufficient.” 
* * * * * * * 


Trans. A. S. C. E., Vol. VII, 1878. 



Tensile Strength of Wrought-iron Bars, Original Strength and Strength after the Bars had Rested; 

also Strength after Annealing. — U. S. Report , 1882. 
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“The same method may sometimes be used to ascertain the prob¬ 
able cause of a boiler explosion by determining whether the metal 
has been subjected to overstrain in consequence of overpressure. The 
causes of accidents to machinery may also be thus detected, and many 
other applications will suggest themselves to every engineer.” 

Subsequently to the publication of these facts and deductions, 
experiment showed that strain of the metal in any direction affected 
the elastic limit measured in any other direction of stress.* 

A test-piece, strained in tension, showed exalted elastic limits in 
compression, torsion, and transverse tests, and a primitive strain 
in either of the latter directions affected all the elastic limits in the 
other directions. The permanent effects of strains in metals and 
their self-registration, like the other phenomena of this class already 
alluded to, as well as their known mutual interactions, constitute an ex¬ 
ceedingly important field of further study and research on the part of 
the metallurgist and the engineer. It is to this field of study that the 
writer would invite the attention of such investigators. The exploration 
of this field has but just begun. In conclusion is introduced the tab¬ 
ulated results of an interesting series of similar determinations made 
subsequently (1882) at the Watertown Arsenal, upon the great Emery 
testing machine, purchased by the “ U. S. Board appointed to test 
Iron, Steel, and other Metals,” and inherited by the Ordnance 
Bureau of the War Department.f An extremely valuable and in¬ 
teresting collection of data bearing upon this department of research 
may be found in the report of that commission, and it may well be 
questioned whether any more probably fruitful and useful lines of 
investigation could be found than those which are related to the facts 
above referred to. They are of real and practical value to the 
engineer. 

* Trans. A. S. C. E., Vol. XXIV, 1891. 

\ Report of U. S'. Board , 2 vols., 8vo; R. H. Thurston, Editor; Washington, 
Gov’t Printing Office, 1878. 



ALLOYS OF IRON AND NICKEL.* 

By Professor M. Rudeloff. 

A SPECIAL committee having been appointed to study the prop¬ 
erties of iron alloys, Prof. M. Rudeloff, Assistant Director of 
the Royal Prussian 'Testing Department, reported recently to 
the Verein zur Beforderung des Gewerbfleisses on alloys of iron and 
nickel. Thirteen different mixtures were produced, three ingots from 
each mixture. The ingots weighed 20 kg. each and measured 15 
inches in length, 2)4 inches thick and 4 inches wide. Their chemi¬ 
cal composition is given in Table I. 

Chemical Composition of the Iron Used. 

Nickel and 

Iron. Carbon. Mang. Silicon. Phos. Sul. Copper, cobalt. 

Percent., . .99.710 0.070 0.079 0.013 0.007 0.013 0.068 0.039 


Chemical Composition of the Nickel Used. 

Alkalies 

Silicic Lime and 

Nickel. Iron. Cobalt. Copper, acid. Carbon. Sulphur, alumina. 
Percent., .... 98.21 0.25 1.19 0.07 0.24 Trace. Trace. Trace. 

Percentage of Nickel Aimed at in Each Group of Three Ingots—Ingots 
Nos. 1-3 were Pure Iron; Nos. 37-39 Pure Nickel. 

Ingot No. 1-3 4-6 7-9 10-12 13-15 16-18 19-21 

Per cent, of Nickel, . . 0.00 0.50 12345 

Ingot No. 22-24 25-29 28-30 31-33 34-36 37-39 

Per cent, of Nickel, . . 8 16 30 60 95 100 

The method of melting the material was uniform in all cases. 
The fuel used was coke and the melting was done in graphite cruci¬ 
bles. Before pouring, a small amount of aluminum, or magnesium, 
or ferromanganese was added to make the metal more fluid. At first 
the inside of the mold was washed with chalk. This proving objec¬ 
tionable, causing checks and rough surface of the ingots, a clay wash 
was substituted with better results. 

The pure iron, and mixtures rich in iron, required the addition 
of 20 gm. of aluminum to 20 kg. of metal to produce the required 
fluidity for casting. On the other hand, 10 gm. of magnesium pre- 

* From the Verhandlungen des Verein s zur Beforderung des Geiuerbf asses. 
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vented spongy ingots with the nickel, or mixtures rich in nickel. For 
the purpose of chemical analysis the ingots were sawed in two and the 
surface planed. The chips thus obtained were then used for chemi¬ 
cal analyses. The strength of the alloys produced was ascertained 
by tensile and shearing tests, by slow compression and crushing under 
the drop. Three test-pieces from each ingot for each kind of test 
were prepared. The degree of expansion by heat was determined on 
four ingots, one of pure iron and pure nickel each, and one with 4 
and 16 per cent, nickel respectively. By the tensile test the elastic 
limit, yield point, breaking strength, and elongation were determined. 
Average results of tests are given in Table II. In Table Ill the pro¬ 
portional strength of alloy to pure iron is given, the iron being taken 
as 100. In the compression tests the yield point was determined 
and the percentage of reduction from the original height, under a 
load of 160,000 pounds per square inch. Results are found in 
Table IV. 

In the drop tests, 20 blows were given with a drop weighing 125 
pounds, falling 9^, i 8 } 4 , 37 inches respectively. Results are given 
in Table V. Shearing tests were made by inserting the test-pieces in 
suitable holes of hardened steel washers, two of which were recessed 
in suitable blocks, one in each block, while a third washer sliding 
between the other two served as a shear by being forced down by 
means of a shear plate encircling the washer partly, and upon which 
pressure was exerted. Results are given in Table VI. 

Summary of Results of Tests. 

Expansion by Heat .—The coefficient of expansion by heat was 
found to decrease with the increase of percentage of nickel, but was 
greater with the 98 per cent, nickel than with the pure iron. Taking 
the value of pure iron as 100, the difference in expansion was: 

Per Cent. 


Iron and 4 per cent, nickel —. 5.7 

Iron and 16 per cent, nickel —.10.9 

Iron and 98 per cent, nickel T. 9.1 


Or 94.3, 89.1, and 109.1 respectively. 

Chatiical Analyses .—A detailed examination of the analyses 
warrants the conclusion that the addition of nickel to iron does not 
appreciably influence the chemical contents of the iron in foreign 
elements. On the other hand, all foreign elements in the nickel are 
also found in the iron-nickel alloy. 
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TABLE I. 


Results of Chemical Analysis of Ingots. Average of Three Ingots. 


Percentage of Nickel Aimed At. 

Per Cent, of Iron. 

Per Cent, of Nickel. 

0.00 

99-59 

O.05 

O.50 

9S.99 

O.76 

I.OO 

98.75 

I.OI 

2.00 

97.72 

2.05 

3.00 

96.63 

3 -°° 

4.00 

95 - 8 i 

3 98 

5.00 

94.81 

4.92 

8.00 

91.89 

7.84 

16.00 

84.12 

15-59 

30.00 

69.74 

29.77 

60.00 

39-69 

59.60 

95.00 

5-15 

93.68 

100.00 

0-33 

98.S9 


Tensile Tests .—The elastic limit, yield point, and breaking load 
rise until the percentage of nickel reaches about 10 per cent. Thence 
a decrease takes place of these values, until the nickel reaches 30 per 
cent. With a further increase of nickel the elastic limit and yield 
point decrease still more, while the breaking load is higher with 60 
per cent, nickel than with 30 per cent., whence it decreases again. 

The elongation decreases as the percentage of nickel increases, 
and is almost zero at 16 per cent, nickel. From there on elongation 
increases until with 60 per cent, nickel its maximum is reached, de¬ 
clining then with increase of nickel. 

It will be seen that the elastic limit and yield point of pure 
nickel is only about 60 per cent, of the pure iron, the breaking load 
of the two metals are nearly the same, while the elongation of pure 
nickel is about 60 per cent, of that of the pure iron. 

The elastic limit is raised highest by the addition of nickel, next 
the yield point, and then the breaking strength. The structure ot 
the metal is likewise changed with changes in the percentage of 
nickel. In the pure iron the structure is amorphous. With 0.5 per 
cent, nickel the tensile fracture begins to get granular. With 5 and 
8 per cent, nickel the structure is pronounced crystalline, the crystals 
assuming the shape of needles with 16 and 30 per cent, nickel, this 
structure continuing to the end of the series. With 0.5 per cent, 
nickel the ingots have a tendency to be honeycombed. They become 
sound with 1 per cent, nickel, continuing to be so up to 30 per cent, 
nickel, when the ingots exhibit oxidation in their interior. 
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TABLE II. 


Average Results of Tensile Tests. 


Per Cent of. 
Nickel. 

Elastic Limit, Lbs. 
Per Sq. In. 

Yield Point, Lbs. 
Per Sq. In. 

Breaking Strength, 
Lbs. Per Sq. In. 

Elongation, Per 
Cent, in 2 In. 

O.05 

8,535 

20,768 

46,100 

29.7 

O.76 

8,819 

22,617 

45,652 

20.6 

I.OO 

10,242 

23,613 

47,938 

26.4 

2.05 

14,500 

28,734 

52,632 

22.7 

3 - 00 

22,900 

34 T 44 

57,753 

20.1 

3-6 4 

23.630 

28,265 

57,750 

17.6 

4-93 

27,881 

46,230 

63.443 

10.8 

7.84 

3 2 >433 

62,874 

79,944 

9.6 

15.60 

22,760 


58,322 

0.6 

29.78 

8,962 

17,781 

14,225 

2.2 

59.66 

8,535 

17,780 

53,770 

36.1 

93-55 

5,832 

15,363 

47,221 

19.0 

98.56 

t 

5 ,J 2 i 

12,944 

43,386 

17.1 


TABLE III. 


Proportional Strength of Alloy to Pure Iron, Taking Iron as ioo. 


Per Cent, of 
Nickei. 

Elastic Limit. 

Yield Point. 

| Breaking Load. 

Elongation in 

1 Inch. 

0.0 

IOO 

IOO 

IOO 

IOO 

8 

380 

303 

173 

30 

16 

267 

280 

126 

2 

30 

105 

86 

31 

8 

60 

IOO 

86 

117 

103 

98 

60 

62 

94 

50 


Compression Tests .—The resistance of the alloys to compression 
does not seem to differ in different parts of the ingot. The resistance 
increases steadily until 16 per cent, nickel is reached, whence it 
begins to decrease until at 94 per cent, nickel the resistance is only 
50 per cent, of the pure iron. There is a small increase again with 
98 per cent, nickel. Thus, generally speaking, the behavior of 
the alloys under compression is similar to their behavior under 
tension. 
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TABLE IV. 

Average Results of Compression Tests. 


Per Cent, of Reduction of Test- 
Per Cent, of Nickel. 'Yield Point. Pounds Per Sq. In j Piece Under a Head of 160,000 



| Pounds Per Square Inch. 

0.05 

25,900 

47-8 

0.56 

22,500 

47-4 

I.OI 

28,300 

45-5 

2.06 

37,200 

42.1 

3.01 

40,700 

38.8 

3 98 

40,100 

37-5 

4.92 

54 , 9 °° 

34 1 

7.84 

72,50° 

29.2 

15.60 

163,700 

0.7 

29.78 

30,300 

37-5 

59.60 

22,900 

33 - 1 

93-52 

13,900 

34-6 

98.89 

18,000 

3 6 -9 


Drop Tests .—The results of drop tests are more or less a repeti¬ 
tion of the metal as exhibited in the compression tests. The strength 
increases up to 16 per cent, nickel, reaches the value of pure iron 
with 30 per cent, nickel, remaining in that condition to the highest 
percentage of nickel in the alloy. 


TABLE V. 

Average Results of Drop Tests. 


Per Cent. Reduction of Test-Piece. 


Per Cent, of Nickel, j 

Distance of Weight 
Falling, 9^ Ins. 

Distance of Weight 
Falling, i8}4 Ins. 

Distance of Weight 
Falling, 37 Ins. 

O.15 

64.7 

76.O 

84-4 

O.56 

( 63 . 3 ) 

( 76 . 7 ) 


I.OI 

63.6 

76.2 

83-3 

2.05 

60.7 

75-8 

81.7 

3 -oo 

57.6 

73-5 

82.0 

3-98 

58.O 

72.9 

80 4 

4.92 

54-9 

71.8 

8l.I 

7.84 

51.6 

68.7 

78.7 

15-59 

( 25 - 3 ) 

( 46 - 7 ) 

70.0 

29.77 

60.0 

72.7 

80.4 

59.60 

56.2 

71.1 

78.7 

93.68 

( 58 . 0 ) 

( 71 . 9 ) 

78.7 

98.39 

60.0 

72.7 

80,4 


Figures in parentheses represent averages of less than three tests. 
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Shearing Tests .—The phenomena exhibited by the metal under 
shearing tests are very much like those observed at the yield point 
when the metal is under compression. 

TABLE VI. 

Average Results of Shearing Tests. 


Diameter of Test-Pieces. 

Diameter of Test-Pieces. 

Per Cent, of Nickel. 

Load Applied to Shear 
in Lbs. Per Sq. In. 

Per Cent, of Nickel. 

Load Applied to Shear 
in Lbs. Per Sq. In. 

O.05 

37,800 

7.84 

61,870 

O.56 

36,800 

15.60 

96,300 

I .OI 

40,400 

29.78 

50,200 

2.06 

43,400 

59.60 

53,900 

3 01 

47,400 

93-52 

50,800 

3-98 

49,100 

98.39 

49,400 

4.92 

52,000 




COMPARATIVE ANALYSIS 

OF THE RESOLUTIONS OF THE CONVENTIONS OF MUNICH, DRESDEN, 
BERLIN, AND VIENNA, AND THE RECOMMENDATIONS OF THE 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 

WITH THE CONCLUSIONS ADOPTED BY THE 
FRENCH COMMISSION IN REFER¬ 
ENCE TO THE TESTING 
OF METALS. 


Report presented by M . L . Bade , Member of the French Commission on Methods of 
Testing Construction Materials . 

[Translations from the French and from the German by O. M. Carter, Captain Corps of En¬ 
gineers, U. S. A., and E. A. Gieselee, U. S. Assistant Engineer.] 


INTRODUCTION. 

T WO attempts have been made abroad to secure the adoption of 
uniform methods of testing construction materials—one under 
the auspices of technical conventions held at different times in 
Munich, Dresden, Berlin, and Vienna, where, besides the German 
members, there were present delegates representing various foreign 
countries; the other, in America, under the auspices of the American 
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Society of Mechanical Engineers. Two reports presented to the 
'Committee of Research, one by M. Polonceau and the other by M. 
Bade, have given translations of the conclusions and recommendations 
thus adopted by the Conventions and by the American Society. 

It is proper, therefore, to make a comparison between the reso¬ 
lutions adopted by foreign conventions and those adopted by our own 
commission, in order that we may examine the differences and analo¬ 
gies which they present. Such a comparison affords an opportunity 
of deciding whether there should be renewed study and research upon 
the points of difference, and of determining whether we may hope for 
international unity in the future, based upon the common resolutions 
already recommended and even now adopted in the current practical 
domestic relations of different countries. 

The work of comparison in the present report, intended in some 
measure to form a starting point for the studies of an international 
commission which might be created for this purpose, has been con¬ 
fined to the methods of testing metals, which is the sole subject of 
discussion in Section A. (Section des Metatix.) 

To facilitate comparison, avoiding as much as possible all omis¬ 
sions, an attempt has been made to place together all resolutions re¬ 
lating to the same subject, and to this end the methods of classification 
used in our General Report have been adopted. The present report 
follows, therefore, the divisions and rules of the General Report, giving 
under each chapter only such resolutions as offer a possibility of com¬ 
parison with the corresponding foreign recommendations. 

The comparison is usually made by referring to the resolutions 
of the Conventions, for those are frequently reproduced in the recom¬ 
mendations of the American Society. In certain cases, however, 
those two groups of resolutions present differences which then become 
the subject of special mention. 

It is advisable to point out in a general way, among the resolu¬ 
tions to be compared, a primary difference in principle (which is, how¬ 
ever, of little real importance) relating to tests made upon finished 
pieces. The resolutions of the Conventions, identical in this respect 
with the resolutions of the American Society, define the tests which 
should be made upon certain articles in current use, such as tires, 
axles, and rails. For certain kinds of metals, such as wrought or cast 
iron, for different specified uses, they advise the discarding of such 
tests as to them seem unnecessary, while our commission refuses to 
make any such elimination, feeling totally unauthorized to do so. 
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With regard especially to methods of testing, the studies of our 
Commission have been more general than those made abroad, and the 
recommendations that we have made include various kinds of tests not 
mentioned in the foreign resolutions, with which, therefore, no com¬ 
parison is possible. 

On the other hand, certain methods of testing have been espe¬ 
cially recommended in all of the resolutions, such as tensile, shock, 
and bending tests, and it is with respect to those that the committee 
should make special comparative examinations. 

In tensile tests the Conventions do not define so definitely as do 
we the quantities to be measured; they do not give the same limits of 
approximation in their measures; they follow the law of similarity in 
adopting cylindrical test-pieces, but use a different coefficient from 
ours, which tends to give to the useful or test length a greater value 
for the same diameter. Other differences are apparent in the descrip¬ 
tion of their standard rectangular test-pieces. 

The American Society prescribes an invariable standard of test 
length, independent of both the diameter and the cross section of the 
test-piece. 

'Fhe resolutions of the Conventions concerning shock tests are 
confined almost entirely to finished pieces. They give more explicit 
directions than do we in regard to the arrangement of the apparatus 
employed, but certain experiments made upon test-pieces that we have 
especially studied are not mentioned by them. 

In bending tests they recommend that the bending should be 
done around a mandrel of unvarying diameter, while the American 
Society claims that the mandrel should vary in proportion to the 
thickness of the test-piece. The dimensions of their bars differ also 
from those used by us. 

The differences just given are the most marked ; but they are in 
reality of little importance, and probably can be easily overcome. 

In the general resolutions concerning the precautions to be ob¬ 
served in preparing test-pieces we find at times differences of detail, 
but they are usually of minor importance, since the three sets of reso¬ 
lutions upon that subject are inspired by the same general principles. 

In so far as the general formulas, as well as the methods of test¬ 
ing referred to above are concerned, we find as a result of this com¬ 
parison nothing to indicate that the desired unity of method may 
not be attained should an international commission be called for that 
purpose. 
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FIRST AND SECOND PARTS. 

PHYSICAL EXAMINATION AND CHEMICAL TESTS. 

The resolutions of the Conventions do not contain any specific 
directions upon those subjects, but they advise the acquisition of as 
thorough a knowledge as possible of the results of both microscopic 
and chemical examinations, especially in all cases of scientific- 
research. 

According to the recommendations of the American Society, the 
magnetic condition of a metal should be especially mentioned. 

Those recommendations require, moreover, that when in tensile 
tests the ruptured section presents a cupel form the fact should 
be mentioned, the relative position of the edges of the cupels with 
reference to each of the pieces of the tested bar being indicated. 

To determine the effects of tempering upon steel, the American 
Society recommends in addition that the bars should be heated to a 
bright red and immediately quenched in water at from 3 2° to 40° F. 
(o° to 5 0 C.). 

Our Commission requires that the test-bars should be heated 
to a comparatively deep cherry red and quenched in water at 28° 
C., the volume of water being great in proportion to the volume of 
the bars. 

The resolutions of the Conventions also require that the metal 
should be heated to a cherry red (placed by them at from 550° to 
6oo° C.) and quenched in water at 25 0 C. 

They recommend also, as will be seen later on, that copper test- 
pieces should be heated to 700° C. and quenched in water at 15 0 C. 

That recommendation is not found among our conclusions, 
which require, however, that deductions from experiments with 
copper or its alloys shall be drawn from tests made after the last 
annealing in the manufacture of the plates. 

THIRD PART. 

MECHANICAL TESTS—RECOMMENDATIONS COMMON TO 
ALL METHODS OF TESTING. 

Chapter I.— General Observations. 

Our resolutions show the importance of accompanying mechan¬ 
ical tests of whatever nature with the tensile test ; they indicate the 
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approximate exactitude with which one should be content in the 
majority of current tests, by showing that in practical experiments 
the exaggerated precision required in scientific research is not neces¬ 
sary. They avoid, moreover, giving any indication regarding a 
choice between the various methods of testing according to the appli¬ 
cation proposed. 

The resolutions of the Conventions recommend generally that 
testing should be done with reference to the work to which the pieces 
are to be subjected ; at the same time they indicate which test to 
adopt and which to reject in specified cases; they advise the adop¬ 
tion of regular tests for certain pieces frequently employed, such as 
rails, tires, and axles for railroad use, cast or wrought iron, materials 
for shipbuilding, etc., recommending the greatest possible number of 
tests upon all pieces of the same delivery, testing without damaging 
them. 

They recommend, for instance, testing tires and axles by shock 
with a standard impact machine, claiming that it is useless to test 
tires by a hand hammer or axles by flexure. They add that it may be 
advisable to have recourse to tensile tests to obtain certain additional 
complemental information. 

They confine themselves to recommending that the degree of 
exactitude attained in the tests should be stated, or at least that data 
should be furnished allowing it to be determined. 

The resolutions of the American Society recommend that tests 
should be made as far as possible upon the pieces themselves whose 
quality it is desired to ascertain, being careful to reproduce as far as 
possible the conditions to which the pieces will be subjected when 
in use. They add, with a view to facilitate comparison, that it would 
be well to make a standard test over and above the tests upon finished 
pieces. 

With regard to registering apparatus, our Commission limits 
itself to saying that it should be employed without hesitation, as its 
use even when it is not positively accurate may prevent serious error. 

The American Society seems, however, to recommend it more 
formally, especially for tensile tests. 

In regard to test-pieces that are imperfect, our resolutions require 
that they shall be thrown out of the calculation of averages estab¬ 
lished from a scientific point of view whenever there are exceptional 
or local defects in the test-pieces. 

I he American Society remarks on this subject that in making 
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tests all pieces of abnormal appearance or those showing superficial 
defects should be rejected. If, however, a perfect piece cannot be 
found, a record of the imperfections should be kept. 

Chapter II.— Preparation of Test-Pieces. 

CONDITION OF THE METAL. 

Our resolutions recommend in general that the condition of the 
metal employed shall be precisely defined principally with respect to 
hammer hardening (ecrouissage')*, and especially when soft metals are 
used, that the test-pieces shall not be removed until the metal has been 
brought to the exact condition under which it is decided to test it; 
they mention also the precautions to be taken in finishing off test- 
pieces, in order to avoid any strain which might produce a change in 
the condition of the metal. 

The American Society also insists upon the importance of observ¬ 
ing its resolutions, which state that the lightest blow from a hammer, 
or any blow incorrectly given, may falsify results, should the abnormal 
strain thus produced be greater than that required to cause variation 
in the quality of the metal to be tested. 

They admit, moreover, that soft metals are less susceptible to 
those influences than hard metals. 

With regard to plates of mild steel, the Conventions have decided 
that it is unnecessary to test them after they have been annealed, as it 
is too difficult to determine the exact temperature of annealing. They 
add, in conclusion, and in accord with our Commission, that the 
object generally sought is to ascertain the nature of the metal in the 
condition when delivered. 

THE PLACE AT WHICH AND THE MANNER IN WHICH TEST-PIECES SHOULD 
BE CUT-FABRICATION OF TEST BARS. 

The resolutions of the Conventions require, for instance, with 
rails, that the bars detached shall have square f sections and contain 
the exterior fibres of the rail. Our advice is in general to take the 


* Hammer or cold hardening ( ecronissage ) is an alteration produced by working 
a metal when cold with a hammer, a die, a punch, shears, etc. Pcrouissage is the 
standard change in a metal which has been subjected to a permanent deformation at 
a temperature lower than that required for annealing. 

-(-The original resolutions require only a rectangular section.—O. M. C. 
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test-bars from the thinnest and thickest parts of the complicated rolled 
section. 

With regard to plates, the resolutions of the Conventions are 
imbued with the same spirit as ours, from which they vary only in 
minor details. They advise taking the test-pieces from the longi¬ 
tudinal and transverse sides, cutting away, when raw or uncut plates 
are used, at least 30 millimeters in width from the exterior; when 
dressed plates are used the test-pieces should be chosen from plane 
plates of regular thickness. 

They admit, without going further into details, that the strips 
should be cut with shears or by a saw, but for bridge iron or boiler 
plates they require that the strips cut off by shears shall be straightened 
out cold by a press, by the use of a wooden mallet, or by small ham¬ 
mers of lead or copper. Before cutting out the test-pieces the strips 
should be planed down on each side for a width of at least 5 millimeters 
to do away with the effect of the shears. Upon express demand 
annealing is permitted for straightening out strips cut by shears from 
boiler plates. 

Our resolutions impose more minute precautions to prevent the 
deformation of the bars, and if annealing is indispensable for straight¬ 
ening, they require that a temperature of 700° C. shall not be 
exceeded. 

They require also that the test-pieces shall be cut from the strips 
by a machine, without, however, stipulating that a depth of 5 milli¬ 
meters in thickness of the metal shall be removed. 

For rolled products, the resolutions of the Conventions prescribe 
that the rough rolled surfaces shall Ire preserved. Our instructions do 
not mention that point, but it may be observed that in practice that 
method is always followed. 

The Conventions require, finally, that the reports of tests shall 
make known the source and the method of manufacture of the test- 
pieces, and they add that those pieces designed for compression tests 
should, as far as possible, be smoothed by planing or turning. 

In the preparation of test-pieces of copper, they recommend 
the most minute precautions, which are also mentioned in our reso¬ 
lutions. 

Besides those, they add, as has been indicated above, that bars 
of copper should be annealed at 700° C.* before they are completed, 


* That temperature must not be exceeded. Vide Original Resolutions.—O. M. C. 
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then cooled in the air to a dull red, and finally quenched in water at 
15 0 C., while our resolutions demand that tests shall be made after the 
last annealing in the fabrication of the plates. 

In regard to test-pieces of cast iron, the Conventions require that 
they shall be cast in a mold of very dry sand having an inclination of 
10 centimeters per meter. 

The entrance for the flow Of the melted material should be placed 
20 centimeters above the mold, determining thus the length of the 
runner stick. Those test-pieces should be left with the rough surfaces 
produced by the molds. 

Our resolutions require that for pieces which at some places are 
more than 9 centimeters thick the test-bars should be cut by a machine 
from the foot of the runner stick. For other pieces the test-bars may 
be cast separately, if care be taken to give the mold an inclination of 
about 20 centimeters per meter and to make the runner stick from 15 
to 20 centimeters long. 

They always discard the runner stick for bars cast in contiguous 
pieces. 

'The American Society remarks, without stating any general laws, 
that the superficial crust found upon raw materials, either rolled or 
cast, is either an advantage or a hindrance, according to the work in 
view, and should therefore be taken into account in the preparation 
of test-pieces. 

Chapter III.— Study of the Influence of Temperature Upon 
the Results of Tests. 

Our resolutions point out the precautions to be observed in making 
tests at any given temperature, high or low; afterward they deal 
especially with tests made at ordinary temperatures, remarking that 
the influence of variations in temperature is felt principally in shock 
tests, and giving directions for the mitigation of the same. 

The resolutions of the Conventions do not contain any directions 
with regard to those tests ; they require that in the cold bending of 
copper bars the temperature shall not be less than io° C. 

Chapter IV.— Study of the Influence of Duration. 

Our Commission gives no positive rule with regard to the effect 
of the duration of test, considering that the subject is not as yet suf¬ 
ficiently understood ; it recommends, however, the continuance of 
study upon that subject. 
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The Conventions declare for their part that the influence of time 
is incontestable, especially in tracing the diagrams in tensile tests, but 
they conclude that as yet they have not sufficient ground for establish¬ 
ing any fixed velocity of testing iron, copper, and bronze. 

On the other hand, in cold-bending tests they claim that the 
duration is of no importance. In operating upon heated materials 
they require that the tests shall be made as rapidly as possible, but 
this is doubtless in consideration of the cooling of the bar. 

The American Society requires that the duration of tests shall be 
noted. 

Chapter V.— General Observations Upon Testing Apparatus. 

APPARATUS OPERATING BY GRADUAL ACTION. 

MACHINES FOR TENSILE TESTS. 

The Conventions confine themselves to demanding that machines 
properly handled shall not produce any shock on the test-pieces. They 
sanction the use of machines operated by hydraulic pressure or by a 
screw. They add that the test-pieces should be so mounted that the 
strain of tension or compression shall be uniformly distributed 
throughout the cross-section. 

Besides those requirements, which coincide with those of our 
Commission, the Conventions include in their resolutions more ex¬ 
plicit directions as to the mode of fastening the test-pieces for tensile 
tests than do we. 

For cylindrical test-pieces they propose the use of spherical bear¬ 
ings, preferably in one piece. 

They agree that test-pieces of rectangular cross-sections shall be¬ 
held at each extremity by a bolt passing through a slot provided for the 
purpose, or that the pieces shall be provided with milled heads and 
clamped by proper wedges. 

They forbid positively the use of the serrated wedges used by us, 
and that point should be submitted to a renewed examination by us. 

This last resolution is also adopted by the American Society, 
which, moreover, recommends in positive terms the use of two special 
types of attaching apparatus in use in the United States. 

With regard to round test-pieces, the American Society proposes 
to prolong the cylindrical section by conical bearings resting upon the 
clamping pieces, in preference to threaded ends, such as are often 
used. This form is recommended for all metals except copper and 
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its alloys, for which the Society considers it as yet impossible to give 
any standard type, conclusive experiments being lacking. 

MACHINES FOR PRESSURE TESTS. 

The Conventions in their resolutions are in almost perfect accord 
with us upon this subject. They require that the strain shall be care¬ 
fully distributed throughout the cross section, and point out that to 
attain such a result it is well so to place the pressure plates that at least 
one may move easily and freely in all directions. 

Those resolutions recommend, moreover, the use of very smooth 
test-pieces ; in other words, those which have been planed or turned ; 
but this recommendation has reference only to the bearing surfaces, 
since in speaking of castings they require besides that the faces of test- 
pieces for flexure and compression shall be left in the rough state. 

The American Society requires that the pieces to be tested shall 
be placed in position without the aid of any intervening medium 
whatsoever, such as wedges, supporting discs, etc., and that they shall 
be brought exactly into the axis of strain. That Society repeats that 
the test-pieces should be prepared with the utmost care, the bearing 
surfaces being exactly parallel and normal to the axis. 

Whenever tests are made upon large pieces horizontally placed it 
is necessary to take into account the initial flexure due to the weight 
of the piece as held in place. 

MACHINES FOR TRANSVERSE, FOLDING, RENDING, AND CURVING TESTS. 

The Conventions confine themselves to recommending slow- 
moving apparatus, acting either by pressure on the middle between two 
supports or by lateral pressure brought to bear upon one part of the 
test-piece, while the other is securely held by clamping. Such appa¬ 
ratus should be simple and capable of being used rapidly. The weak¬ 
est part of the test-piece should be clearly visible. 

For folding, they simply indicate that it should be done in a con¬ 
tinuous manner, and that if a mandrel is used it should be of the 
smallest possible diameter, recommending in certain cases one with a 
fixed diameter of 25 millimeters. They repeat, moreover, that the 
angle of bending is not alone sufficient to indicate the deforma¬ 
tion, but that the radius of external curvature must be taken into 
account. 

The American Society recommends the use of a very simple appa¬ 
ratus for making bending tests upon mandrels of varying diameter,. 
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and prescribes tne use of the hand vice for bending, which is accepted 
by us, however, with certain restrictions. 

For transverse tests that Society advises that supporting wedges 
shall not be used, preferring rolls that shall be displaced in proportion 
to the deformation by flexure of the bars. 

The foreign resolutions do not point out the different modes of 
testing by bending that are specially defined by our Commission, but 
the Conventions state that the permanent committee should seek to 
determine, in the comparative tests remaining to be executed, the 
best method of measuring deformations. 

MACHINES FOR TORSION TESTS. 

According to our conclusions, those machines should be arranged 
in such a manner that the axis of the piece will not sustain any flexure. 

The resolutions of the Conventions give no data upon this subject, 
but the American Society has given definite instructions tending to 
prevent the production of any disturbing strains, such as transversal 
flexure or longitudinal tension over and above torsion properly so- 
called. To this end the collars which hold the test-pieces should be 
exactly concentric with it, to avoid giving any but a tangential strain. 

APPARATUS OPERATING BY ABRUPT ACTION. 

The resolutions of the Conventions ar.e generally in harmony with 
ours in principle, but they give much more explicit directions for the 
setting up of testing hammers, especially in the case of heavy machines 
intended to test whole pieces. They have adopted for this purpose, 
as a standard type of hammer, one weighing 1,000 kilograms, per¬ 
mitting in certain exceptional cases the use of one weighing only 500 
kilograms, and they have decided that every hammer of the standard 
type shall be stamped and officially registered. They require that the 
studies relating to the question of shock tests shall continue, and they 
have charged the permanent committee with collecting all new propo¬ 
sitions relating to the installation of machines for shock tests. 

They accept hammers as we make them, of cast iron or of cast or 
forged steel; they add that the striking surface should be of forged 
steel, finished by dove-tailing and made secure by wedges in such a 
manner that the vertical centre of gravity of the whole may not be 
disturbed. 

This vertical should coincide with the. axis of the leads and should 
be indicated by marks upon the anvil or the anvil block. The proper 
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arrangement of the striking surface should be verified by means of 
suitable reference points. 

We require, moreover, that the mass and shape of the hammer 
shall be perfectly Symmetrical with respect to the plane of the leads. 

Our directions, more especially with reference to tests upon test- 
pieces, regulate the form of the face of the small hammers used, and 
they indicate even the radius of curvature to be given that face, de¬ 
pending on the kind of metal to be tested. They also give the dif¬ 
ferent weights for such hammers used under similar circumstances. 

According to the resolutions of the Conventions, the guided length 
of the hammer should be at least double the clear width between the 
guides; we claim, however, only that it should be greater than the 
width between the guides. 

The Conventions require that the weight of the anvil block shall be 
at least ten times that of the hammer, and that the foundations shall 
be inelastic. We require that the anvil block shall constitute, either 
alone or embedded in solid masonry, a solid mass from fifteen to 
twenty times heavier than the hammer. 

In the working of the detaching apparatus the Conventions agree 
with us that there should be no wedging. The Conventions advise 
the placing of the point of suspension upon the same vertical as the 
centre of gravity of the hammer, and to intercolate between the de¬ 
taching device and the hammer a short flexible piece—for example, 
a chain or cord. They point out as a style to be recommended the 
detaching device adopted in Russia, which, however, from the sketch 
given, does not seem to be provided with an intermediate chain or cord. 

In regard to the friction on the leads, they recommend that those 
leads should be lubricated with plumbago. They reject all apparatus 
having a work clue to friction greater than 2 per cent, of the useful 
work. They describe a process of measuring friction by intercolating 
aspring balance between the hammer and its lifting rope. They 
propose to deduce the effective weight of the hammer from the effect 
produced, with a given height of fall, on a centrally mounted standard 
cylinder made of copper, of dimensions yet to be determined. 

For the height of fall they advise that 6 meters shall not be ex¬ 
ceeded, as the setting up of hammers of greater height cannot be done 
with as much security or exactitude. They recommend the use of a 
sliding scale for measuring the effective work, so that the zero of the 
graduation may be set at the top of the piece to be tested. That scale 
should be divided into metric half tons. 
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All of the recommendations of the Conventions with regard to 
the setting up of machines for shock tests are agreed to by the Ameri¬ 
can Society ; the weight of the hammer and the height of fall are de¬ 
termined by the measures in use in America. The weights adopted 
are, respectively, 1,000, 1,500, and 2,500 pounds for testing large 
pieces (equal to 453, 653, and 907 kilograms), and the height of fall 
is fixed at 20 feet (equal to 6.09 meters), allowing, however, without 
doubt, the adoption of a less height of fall in special cases. 

Chapter VI.— Examination of the Forces to be Measured. 

Our resolutions recommend in effect that the strains and defor¬ 
mations produced in all tests by continuous action shall be measured ; 
these form of necessity two great classes—the one of elastic and the 
other of permanent deformation. 

Concerning the period of elastic deformation, three limits of 
elasticity are distinguished and defined, viz., the theoretical, the pro¬ 
portional, and the apparent. Concerning the period of permanent 
deformation, our resolutions define the maximum load supported, and 
the load of rupture, properly so-called, giving the deformation cor¬ 
responding to each of those two loads. 

Neither the resolutions of the Conventions nor those of the 
American Society give any instructions common to all tests made by 
gradual action ; they restrict themselves entirely to tensile tests. 

The Conventions require that during the elastic period there 
shall be sought the yield point and the limit of proportional elon¬ 
gation, appearing at the same time to admit that those two limits are 
blended, and during the period of permanent deformation the maxi¬ 
mum resistance and the beginning of contraction as well as the lead 
of actual rupture with the corresponding section. 

The American Society requires the determination of the same in¬ 
formation, excepting only the beginning of contraction, insisting 
especially upon the importance of the yield point, which measure¬ 
ment it claims should be made with the greatest precision. 

It defines that limit as being the load which produces a modifi¬ 
cation in the rate of elongation, which would seem to identify it with 
the proportional limit; but further on, in an annexed illustration, it 
requires that the limit shall be determined by noting the point at 
which the elongation is suddenly augmented, which brings us back 
to the apparent limit. 

The recommendations of that Society prescribe, moreover, the 
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measurement of the elastic elongation with a view of determining 
thereby the modulus or coefficient of elasticity, and they point out, 
to this end, a special process consisting of measuring the elongations 
between certain limiting loads, determined in advance. 

They also observe the smallest section of the test-piece under the 
action of the elastic limit (yield point), and, after the test, the sec¬ 
tion of rupture. 

In the calculation of the strain brought to bear upon the unit of 
section, their resolutions add that it is necessary always to consider 
the initial appearance of the test-piece, and not the constantly- 
changing appearance under the different loads that it supports up to 
the limit of rupture. 

This resolution conforms with that of our Commission. How¬ 
ever, as in experiments made upon copper and brass, a comparison of 
the loads developed in the course of the tests with the corresponding 
deformations has given rise to interesting conclusions, our Com¬ 
mission has expressed the hope that analogous studies shall be made 
in regard to iron and steel. 

Chapters VII and VIII.— Mechanical and Technical Termi¬ 
nology. 

Those two questions have been examined by our Commission 
only, but we have not been able to establish any fixed laws in regard 
to them. They have not been considered by either the Conventions 
or by the American Society. 

FOURTH PART. 

DETAILED STUDY OF THE DIFFERENT METHODS OF 

TESTING. 

FIRST CLASS.—METHODS OF TESTING BYGRADUAL ACTION. 

Our Commission states in a general way that those tests should 
be made in a manner as continuous and as regularly progressive as 
possible, and that recommendation is in accord with that adopted by 
the Conventions with regard to tensile tests. 

The American Society agrees to this also in a general way, but it 
provides for stopping the strain at certain intervals, whenever it is 
necessary to make observations of deformation, which is the case, for 
instance, in measuring the elastic limit and the elastic elongation. 



46 


Digest of Physical Tests. 


The Society requires in such cases that the developed strain shall 
never be diminished, but that it shall be maintained continuously in 
action. 

Chapter I. —Tensile Tests. 

MEASURE OF STRESS AND ELONGATION. 

Our resolutions define the precision to be sought in the definition 
and scientific observation of the first two elastic limits previously 
described; they point out that for such purpose the elongations 
should be measured to the nearest thousandth of a millimeter. 

Such precision is unnecessary for the determination of the third 
limit, called the apparent limit, or the beginning of great deformation 
under a constant load. 

Regarding the observations made during the period of perma¬ 
nent deformation, our Commission recommends that the maximum 
load that can be borne shall be measured, saying that it does not ap¬ 
pear to be necessary to measure the load of rupture, while, as has 
been shown heretofore, this measurement is required by the Conven¬ 
tions and by the American Society. 

In regard to measuring elongation, our Commission believes that 
for current practical tests on products of the same well-known make 
it is sufficient generally to measure the total elongation after rupture; 
but in more exact tests it would be useful to make some special ex¬ 
periments with a view to determine the relative value of the differ¬ 
ent parts which compose the total elongation (distributed elongation 
and elongation of contraction). 

The foreign resolutions do not consider this distinction. They 
recommend simply a method of measuring the total elongation suita¬ 
ble for reducing the results to uniformity by disregarding the influ¬ 
ence that the position of the section of rupture beyond the middle of 
the test-piece may have upon the effective length of the observed 
elongation. This method amounts in principle to doubling the 
measured elongation for a distance equal to one-half the length of the 
test-piece, counting from the section of rupture on the side, where it 
is possible to measure it, in such a manner as to render the same 
conditions as would have obtained had the rupture occurred in the 
middle of the test-piece and had the elongation been produced freely 
on both sides. The result is to increase a little the effective elonga¬ 
tion measured directly on the real test-piece. 

This method is inconvenient in that it is necessary in advance to 
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divide the useful or test length into very small sections. The length 
of each section is fixed at i centimeter in Germany and at a half or 
even a quarter of an inch in America (12 or 6 millimeters). As the 
elongations during the course of the test are produced in a compara¬ 
tively irregular manner upon the length of the test-piece, we may 
consider that they are not necessarily uniform at the ruptured section 
even when that is in the middle of the piece, and the method can 
give in this respect only approximate results. 

It is true that if recourse to that method is not desired it will be 
found necessary, according to our resolutions, to discard every test- 
bar whose elongation of contraction is not integrally included be¬ 
tween the reference points; the resolutions of the Conventions, par¬ 
ticularizing still further, give this same injunction when the section 
of rupture falls beyond the middle third of the useful length. 

In regard to tensile diagrams, our resolutions declare that it does 
not seem necessary to have recourse to them, at least in current prac¬ 
tical tests with a view to ascertaining the quality of the metal tested 
from a determination of the useful surface they present. 

The resolutions of the Conventions provide, however, for the use 
of diagrams, and require that their area shall be calculated up to the 
limit corresponding to rupture. They observe on this subject that 
without doubt, in principle, the work on the test-piece should be 
considered only up to the beginning of contraction, but that in most 
cases the work corresponding to that last period is of little impor¬ 
tance, and the error thus produced cannot be very considerable. In 
cases where the diagram is not made by special apparatus, they advise 
making as many observations as possible during the test in order to 
trace the diagram by separate points. 

The resolutions of the American Society also provide for the use 
of such diagrams. 

With regard to the varying coefficients thus far proposed, our Com¬ 
mission finds it impossible to recommend them, and, moreover, the 
foreign resolutions make no mention of them. 

In regard to the precision to be sought in measuring strains and 
elongations, our Commission declares that for strains less than 5,000 
kilograms a determination to within 25 kilograms is sufficient, going 
up to the limit of 50 kilograms, when the strain exceeds 5 tons; or, 
for the first class, to within one two-hundredths, and for the second 
to within less than one one-hundredth of the total sum. 

The Conventions state that on their part they will accept an error 
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of one-tenth of a kilogram per square millimeter for tensile strains 
corresponding to the elastic limit (yield point) and to that of rupture, 
which leads in practice, especially for the load of rupture, to a much 
smaller proportion of error than we have permitted. 

The American Society makes no recommendation upon this sub¬ 
ject. 

In measuring the dimensions of test-pieces and elongations our 
Commission recommends a determination to within five one-hun¬ 
dredths of a millimeter in the case of dimensions equal to or less 
than io millimeters, and it accepts an approximation to within one- 
tenth only when the length to be measured is greater than 10 milli¬ 
meters; the limit is, therefore, to within more than five one-thou¬ 
sandths in the first case, and to within less than one one-hundredth 
in the second. 

The resolutions of the Conventions recommend a degree of preci¬ 
sion reaching one one-thousandth in measuring the elongation of 
rupture, and of one one-hundredth in measuring the contraction of 
area (considered, no doubt, as being the section of rupture itself). 

They recognize, however, that in many cases these decimals are 
uncertain, and that it is not necessary to add others. They state 
that it is sufficient to take the dimensions of test-pieces to within one- 
tenth of a millimeter, which, considering the measurement of the 
thickness and the width of the section, gives a degree of precision in¬ 
ferior to that recommended by our Commission. 

They require that the elongation shall be measured on two diamet¬ 
rically opposed sides of the test-bar, in order that the mean may be 
taken of the sum of the lengths obtained by measuring upon each part 
respectively the distance comprised between the corresponding refer¬ 
ence point and the section of rupture. 

For rectangular test-pieces it is even proposed to make three 
measurements of elongation, taking them upon the two sides and upon 
one of the faces. The mean of the first two measures should be given 
and the last one should be stated separately. 

The General Report of our Commission only mentions the use of 
elasticimeters, which are considered almost indispensable in determin¬ 
ing the elastic limit (yield point), but which seem less necessary for 
the simple measurement of the total elongation. 

With the aim of measuring the section of rupture with all pos¬ 
sible precision our resolutions propose that the measurement of the 
dimensions shall always be made at two opposite points, and that 
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there shall be considered either the circle of mean diameter or the 
rectangle of mean dimensions, according as the test-pieces have cir¬ 
cular or rectangular sections. 

DIMENSIONS OF TEST-PIECES. 

In order that the proximity of the heads shall not interfere with 
the observed results, especially in the measurement of elongation, our 
resolutions require that the distance from the springing or end of the 
heads to the reference points must be equal at least to the diameter or 
to the greatest side of the transverse section of the test-piece; they 
consider that under such conditions the form of the heads is not 
important. 

The Conventions limit themselves to remarking that for cylin¬ 
drical test pieces the actual length of the cylindrical part should ex¬ 
ceed the test length by at least io millimeters,* which may be inter¬ 
preted, doubtless, as imposing a uniform minimum of 5 millimeters 
of waste length at each end, regardless of the diameter of the test- 
piece, which may be 10, 15, 20, or 25 millimeters. 

The American Society gives regulations analogous to those of 
the French Commission. It requires that with round test-pieces the 
distances reserved beyond each reference point shall be equal to or 
greater than a diameter. For flat or built-up square test-pieces its 
regulations require once and a half the width of the section or the 
side of the square. 

In order to make a comparison of the total elongations, taken 
after the rupture of circular test-pieces of different design, our Com¬ 
mission has decided to establish a fixed relation between the transverse 
section and the useful or test length of the test piece. This relation 
deduced by the law of similarity shows that the test length should be 
proportional to the square root of the cross-section, and that funda¬ 
mental law has been admitted also by the Conventions. The only 
difference is in respect to the value of the coefficient adopted. 

While our formula 

2 = 66 67 0 

or a = 8 - 16 fsf 

results in giving a diameter of 27.6.1 millimeters to a test-piece, having 
a test length of 200 millimeters, the formula of the Conventions 

A = ”-3 VH 

* The original resolutions require that the actual length shall exceed the test 
length by 20 millimeters.—O. M. C. 
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leads to a smaller diameter for the same test length, for it gives in 
fact a diameter of 20 millimeters to a test-piece 200 millimeters long. 
In a general way tins formula recommends itself on account ol its 
great simplicity, inasmucn as the calculation of the linear dimensions 
is immediate; the useful or test length amounting always Lo ten times 
the diameter. 

Our formula presents, on the other hand, the advantage of ex¬ 
pressing the area by a simple number, for example, 600 square milli¬ 
meters for a test-piece 200 millimeters in length, considering that it 
is better to seek simplicity in expressing the cross section rather than 
in indicating the diameter, because no matter what number expresses 
the diameter, the difficulty of measuring it is always the same, whereas 
it is only the section which intervenes in the calculations, and the 
adoption of a simpler number to express the section greatly facilitates 
such calculations 

Notwithstanding the employment of the law of similarity, the two 
resolutions preserve well-defined normal types,to which they recommend 
that reference be made. These are four in number in the two cases. 

Our standards have, respectively, test lengths of 70, 100, 141, 
and 200 millimeters; cross-sections of 75, 150, 300, and 600 square 
millimeters, and diameters of 9.77, 13 82, 19.55, and 27.64 milli¬ 
meters. The standards of the Conventions give sections very closely 
resembling these, but their longitudinal dimensions are greater; they 
have lengths, respectively, of 100, 150, 200, and 250 millimeters for 
diameters of 10, 15, 20, and 25 millimeters. 

Those standard types are adopted for steel and iron, as well as 
for copper and its alloys; for castings, however, the Conventions pre¬ 
scribe test pieces having a diameter of 25 millimeters, and a useful or 
test length of 200 millimeters. 

The American Society prescribes four standards with diameters, 
respectively, of 0.4, 0.6, 0.8, and 1 inch, which equals 0.010, 0.015, 
0.020, and 0.025 millimeter, but it preserves a constant useful or test 
length of 8 inches (0.2 meter), ignoring the differences which must 
occur in the measurement of total elongation by testing with a uniform 
length and a variable diameter. 

The test length of 8 inches, as well as the various diameters 
given, have been chosen, moreover, for the purpose of approaching as 
nearly as possible the measures of the metric system, counting 8 
inches as equal to 200 millimeters. This is expressly stated by the 
Society itself. 
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The law of similarity thus admitted, as has been shown, for 
cylindrical test-pieces, is extended by our Commission, with the same 
coefficient, to test-pieces of square cross-section, and even to pieces 
that are simply rectangular, observing carefully certain restrictions 
established with a view to facilitate manufacture, by establishing dif¬ 
ferent series, in each one of which the width remains the same. 

The Conventions also extend the formula expressing the law of 
similarity to test-pieces of simply rectangular cross section, but with¬ 
out introducing any definite restrictions. They recommend, how¬ 
ever, that the section 30 by 10 shall be considered as the standard, 
even when the breadth and thickness may be chosen at pleasure. 

When the thickness is given, as for plates, and when it does not 
exceed 24 millimeters, a width of 30 millimeters should be adopted. 

Whenever the thickness exceeds 24 millimeters it should be con¬ 
sidered as breadth, and a thickness of 10 millimeters should be given 
to the test-piece. 

When the testing machines are not sufficiently powerful, the limit 
of 24 millimeters should be replaced by that of 16 or 17 millimeters. 

The American Society permits on its part a width of 1.2 inches 
(0.030 meter) for rectangular test-pieces having a thickness of less 
than 1 inch (0.025 meter). 

If the thickness reaches 1 inch the measure of 0.8 inch (0.02 
meter) will be taken for the width. 

In testing sheets and plates the crust produced in rolling should 
not be removed. 

In testing sheets there should be taken two samples having the 
total section of the bar. 

Besides the preceding rules just given, which are considered ap¬ 
plicable only to rectangular test-pieces having a thickness of more 
than 5 millimeters, our Commission has adopted special dimensions 
for test-pieces having a thickness of less than that figure, considering 
that it is not necessary to be guided by the law of similarity, because 
that law is doubtless no longer applicable in such a case. 

The useful or test length of those thin test-pieces has been fixed 
uniformly at 100 millimeters, without reference to the thickness or the 
nature of the metal to be tested. 

CONDUCT OF TESTS. 

Our resolutions recommend, as has been indicated, operating by 
progressive or gradual tension. This recommendation is also found 
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in the resolutions of the Conventions, but the American Society per¬ 
mits interruption of the test, without relieving, however, the action 
of the strain, for the purpose of making certain important observa¬ 
tions during the course of the test, such as those relating to the elastic 
limit (yield point). 

In general, the American Society recommends the utmost care 
in placing the test-pieces, so that they may be directly in the axis of 
the machine, and to this end it advises that it should be referred care¬ 
fully to two normal planes intersecting each other in line with this axis. 

The Society also recommends placing test-pieces for tensile tests 
under a very slight initial strain (from 0.7 to 1.4 kilograms per square 
millimeter) before commencing observations, in order that the errors 
generally made at the beginning of a test may be'avoided. 

In regard to the rate of testing, our Commission has confined 
itself to giving some approximate directions, and it observes, to that 
end, that the duration of a test, which should be in'ai certain measure 
a function of the volume of the test piece, should be comprised between 
one and six minutes for current tests on test-pieces of ordinary dimen¬ 
sions. This time may be reduced to thirty seconds for small test-pieces 
having a thickness of less than 5 millimeters. Care should be taken, 
especially with soft metals, to avoid heatingthe bars. 

The foreign resolutions make no recommendations upon this 
subject. The Conventions, however, observe that in establishing the 
diagram of tensile test great importance should be attached to show¬ 
ing with what rapidity the diagram was traced. 

Chapter II.— Pressure Tests. 

TESTS ON SHORT PIECES. 

Tor determining the elastic limit our Commission advises the 
employment of cylindrical test-pieces having a diameter of 27.65 
millimeters (600 square millimeters in cross-section) and 100 milli¬ 
meters of useful or test length ; but for the determination of the 
maximum resistance to compression or crushing the diameter of the 
standard test-pieces will be reduced to 19.56 millimeters (300 square 
millimeters of cross-section), and the useful length to 20 millimeters. 

The regulations of the Conventions propose in testing castings 
the use of cubes of 25 millimeters a side, making them serve as 
samples for pressure tests. In another passage, however, they recom¬ 
mend a height of 30 millimeters. 
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They give no complementary information on the subject of that 
test, merely stating that Wachler adopted 25 millimeters as the stand¬ 
ard dimension in his studies. 

The American Society considers that pressure tests upon short 
test-pieces are of little interest, recommending, preferably, the adop¬ 
tion of pieces of a length of from 10 to 20 diameters. 

However, when it is a question of determining the resistance 
to disaggregation, the use of cylinders 1 inch in diameter (0.025 
meter) and 2 inches in height (0.050 meter) is proposed. Whenever 
the elastic resistance is to be determined the height will be increased 
to 10 or 20 inches (0.254 meter or 0.508 meter), always keeping the 
useful or test length at 8 inches, as in tensile tests. 

TESTS ON LONG PIECES (FLAMBEMENT). 

Our Commission insists especially upon the interest of making 
buckling tests, stating that for iron and steel the resistance deter¬ 
mined by the tests thus made is in no way proportional to that deter¬ 
mined by tensile tests, and in the existing state of science cannot be 
deduced from the results obtained by the usual tests. 

The Commission declares that the tests can be made on riveted 
pieces or on bars cut up for this purpose, and it observes that to ren¬ 
der the two tests comparable it is sufficient that the ratio of the 
length of the test-piece to the minimum radius of gyration of the 
section should have the same value. In tests upon test-pieces, the 
Commission proposes to give to that ratio values which are multiples 
of 5 or 10. 

It recommends that those tests shall always be made under well- 
defined conditions, such as those by perfect hinging or complete 
clamping. The precautions to be observed in the first case are pre¬ 
scribed, but it is added that no satisfactory disposition for such testing 
by clamping is yet known. 

The foreign resolutions give no particular instructions regarding 
pressure tests on long pieces. However, the American Society pro¬ 
vides for tests upon pieces having a diameter of 1 inch and from 10 
to 20 inches long for determining the elastic limit (yield point). 

It requires that the process shall be the same as in tensile tests, 
dividing the useful or test length into small sections in such a manner 
that the loss in value sustained may be determined from its elements, 
and that the calculation of the modulus and the coefficient of elasticity 
shall be made under like conditions. 
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TESTS ON TEST-PIECES. 

CASTINGS. 

Our Commission adopts for standard bars a section having a side 
of 40 millimeters, indicating that the total length should be determined 
in such a manner as to give a useful or test length of 150 or 500 milli¬ 
meters according to the apparatus used (Monge or Joessel balance). 

The Conventions have adopted a prism 3 centimeters on a side, 
with a total length of 110 centimeters, giving a useful or test length 
of 100 centimeters. They recommend measuring the resistance to 
flexure up to the point of rupture and the corresponding work on 
three test-pieces. The faces of the pieces should be left in their rough 
condition. 

Our Commission prescribes that the faces of the bars shall be 
shaped by a machine and the edges rounded by a file. It regulates 
finally the duration of the test, which should be comprised between 
one and two minutes. 

The American Society requires for scientific tests that the effect 
of superficial quenching shall be avoided by using liars measuring at 
least 2 inches on a side (0.050 meter) or 2inches in diameter 
(0.063 meter). In current practical tests there will be used bars 
measuring only 1 inch (0.025 meter) on a side, taking the necessary 
precaution to throw aside surfaces which have been hardened or 
marked with blow holes. 

STEEL PLATES FOR SPRINGS. 

Our Commission fixes the length to be adopted for developed 
test-bars at 1 meter, the section to be used, however, being preserved 
without any modification. 

The plate will be prepared under the same conditions as to 
quenching and annealing as the springs. 

For testing it will be placed on two movable slides, the use of 
which is also recommended by the American Society. 

The test will he continued without stopping or lessening the load 
and with a regular and continuous movement up to the limit fixed 
upon, in such manner that the duration of the whole test is comprised 
between two and five minutes. 

The foreign recommendations contain no special remarks upon 
that subject. 
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The American Society recommends, however, in a general way, 
regarding transverse tests, that the sample should be placed firmly in 
a horizontal position to avoid supporting wedges, that the strain 
shall be brought to bear exactly in the middle and normal to the axis 
of the piece, and in a plane passing through the three strained points. 
It requires that the bars used shall be i inch (0.025 meter) on a side, 
have a length of 40 inches (1.016 meters), and that they shall be 
placed upon supports 36 inches apart (0.914 meter). 

According to the resolutions of the Society the deviations should 
be measured from a fixed and invariable base. It is well to determine 
them at points situated at stated intervals from the middle of the bar 
in such a manner as to obtain certain elements of the curve of flexure 
over the whole extent of the length, and especially in the vicinity of 
the elastic limit (yield point). 

Certain values of the permanent deviation may also be deter¬ 
mined. 


TESTS ON FINISHED OR WHOLE PIECES. 

SPRINGS OF PARALLEL AND SPIRAL PLATES. 

Our Commission recommends in transverse tests that springs be 
subjected to a less strain than that which corresponds to permanent 
deformation. 

The American Society, on its part, proposes to apply the maxi¬ 
mum working load, and to determine the deviation produced by that 
test. The test load will be obtained by proceeding by pressure or by 
shock, according to circumstances, but it will be applied only once. 

RAILS AND FISH PLATES. 

Our Commission recommends determining as nearly as possible 
the load corresponding to the proportional limit of elasticity in testing 
those pieces; it adds that the duration of the tests should be comprised 
between two and five minutes. 

The foreign resolutions examine also the question of transverse 
tests by static pressure, requiring that they shall be considered from 
the two following points of view: First, there will be determined the 
elastic limit (the point where the set becomes permanent); second, 
there will be measured the flexibility under increasing loads, exceeding 
•even the elastic limit. 

The American Society states that it is hardly practicable to sub¬ 
ject either rails or axles to a transverse test by static pressure. 
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Chapter IV. —Folding, Bending, and Curving Tests. 

Our Commission proposes to adopt for those tests standard bars 
40 millimeters wide and 250 millimeters long, observing that the length 
may be reduced to 150 millimeters for copper and its alloys. It rec¬ 
ommends, besides, that those various tests shall be made by a machine 
so arranged as to produce a slow, progressive strain, and that in fold¬ 
ing tests the initial fold shall be obtained with a radius of curvature 
differing as little as possible from that exacted for the limiting fold. 

For mechanical folding the use of the hydraulic press or hammer 
is recommended. 

Our Commission gives, besides, certain directions for folding 
done by a hand vise. It is necessary to observe here that this mode 
of testing is prohibited by the American Society. 

In regard to bending tests, our Commission has not yet fixed upon 
any stated diameter for the mandrel. 

For curving tests it proposes to adopt such machines as will per¬ 
mit the measurement at each instant of the developed strain and the 
corresponding deformation. 

The Conventions recommend, as has been indicated, the use of 
slow-moving apparatus, acting either upon the middle or at the ex¬ 
tremity of the test-bar, but they require especially bending around a 
mandrel for the hot and cold folding test of irons and steels of all kinds, 
fixing upon a diameter of 25 millimeters for mandrels to be adopted 
in the case of wrought or cast iron for bridges and of boiler plates 
more than 6 millimeters in thickness. The mandrel should not be re¬ 
moved during the test until the ends of the test-pieces have become 
parallel to each other, and the bending will be continued to the point 
of contact in the case of test-pieces of copper. 

They add that the test-pieces employed should have a rectangular 
section, the width of which should be three times the thickness, and 
that the edges should be slightly rounded. 

They observe, besides, that the angle-folding alone is not suf¬ 
ficient forjudging of the degree of deformation of the test-piece, but 
that it is also necessary to take into account the radius of external 
curvature. They propose to make this measurement direct by means 
of templets, or to deduce it from the measure of the elongation upon 
the exterior face. 

They require, finally, that the permanent committee shall search 
for the most convenient method of measuring deformations, and they 
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also require that it shall look into folding tests made upon defective 
pieces. 

The American Society also recommends the bending test around 
a mandrel, but it prescribes the use of mandrels of variable diameters, 
and it recommends giving them a diameter equal to twice the thick¬ 
ness of the bar to be tested. 

It approves, finally, the use of a very simple apparatus which shall 
permit that test to be made rapidly. It fixes i inch (0.025 meter) as 
the standard width to be given test-pieces for folding tests. 

Chapter V.— Torsion Tests. 

Our Commission confines itself to expressing the hope that ex¬ 
periments shall be continued with regard to the study of torsion. 

'Fhe American Society has given certain instructions, previously 
indicated, with regard to the installation of apparatus to be used in 
those tests. 

With regard to test-pieces, it recommends the use of cylindrical 
heads, prohibiting absolutely square-shaped heads. It gives a sketch 
of the position to be given the fastenings, and it demands that the 
distance between the head and the nearest point of reference shall not 
be less than one diameter. 

It gives nothing concerning the determination of the useful or 
test length. 

Chapter VI.— Mixed Tests (Shearing and Punching). 

Our Commission has expressed the wish that the study of those 
tests may be continued, and it has proposed certain recommendations 
which may serve as a beginning for subsequent regulation. 

The resolutions of the Conventions say nothing upon this subject; 
they recommend only that certain plates, like those of wrought iron 
for boilers, shall be submitted to the punching test, but they claim 
that the test is useless for plates of mild steel or ingot iron, which 
should never be punched. 

The American Society remarks that in this test special care should 
be taken to determine the space to be reserved between the edge of 
the finished bar and the edge of the hole punched in the interior of 
the section, in order that cracks may not be formed. 

This question is being studied by numerous experts both in France 
and in America. 
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SECOND CLASS.—METHODS OF TESTING BY ABRUPT 

ACTION. 

Our Commission, jn common with the foreign resolutions, in¬ 
dicates the particular interest to be found in shock tests, for they give 
information which gradual action cannot furnish. It recommends that 
study concerning tensile tests by shock and the use of explosives may 
be continued. 

Chapter I.— Transverse Tests by Shock. 

Our conclusions relate especially to tests on test-pieces, as has 
been shown above. They fix the dimensions to be given to test the 
bars, according to the nature of the metal tested, regulating under 
the same conditions the weight of the hammer, the form of the 
striking face, and that of the edges of the supports. 

They recommend, besides, a continuance of theoretical research, 
to ascertain the respective effects of the two elements which are the 
component parts of the energy of shock, namely, the weight of the 
hammer and the height of fall. They require that for each metal 
there shall be determined the height of fall above which the fragility 
increases rapidly, that there shall be studied the effect of constantly 
increasing heights of fall in ordinary transverse tests made on test- 
pieces resting upon two supports, and finally that there shall be 
studied tests made by bringing the shock to bear upon the free end 
of test-pieces clamped at one end only. 

Those different subjects are not examined in the foreign reso¬ 
lutions, which give special attention to tests upon whole pieces, and 
determined, as has been indicated, the weight of the hammer and the 
height of fall to be used. 

In tests upon finished pieces the resolutions of the Conven¬ 
tions recommend the use of bearing blocks or caps of such form that 
the upper surface of the piece shall be perfectly horizontal, the face 
of the hammer being always perfectly smooth and plane. Those 
pieces should be as light as possible. 

Our Commission appears to think, however, that the use of those 
caps may be dispensed with when it is a question of testing pieces 
before sustaining in service blows which would be of such a character 
as to alter them. 

In a paper on shock tests, presented to the American Society at 
its meeting of August, 1894, in Brooklyn, by Mr. Mansfield Merri- 
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man, Vice-President of the Society, the author recommends the dis¬ 
use of those caps; he proposes to give the hammer a large striking 
surface to avoid loss of energy by heat, and to take account of the 
rebound of the hammer. 

The Conventions claim, on the other hand, that the data derived 
from tests thus far made are not sufficiently conclusive to admit of 
giving any fixed form for either the supports or the pieces destined to 
receive the shock. 

In observations on the results, they declare that it is sufficient to 
determine the curvature deflection to within about 1 millimeter, when 
it is measured on a cord of from 1 to 1.5 meters in length. 

In a general way they recommend, as has our Commission, the 
taki/ig of careful notes regarding all the peculiarities of the test, 
stating, for example, whether there had been any interruption during 
the test, whether the pieces had been turned over, etc. 

Chapter II.—Superficial Penetration Tests by Shock. 

That mode of testing, minutely studied by our Commission, has 
not been examined in the foreign resolutions. 

Chapter III.— Perforation Tests by Shock. 

Our Commission has only been able to express a desire that new 
experiments should be made for the purpose of solving the various 
questions which have been brought up by that method of test. The 
study of that method of test has not, as yet, been broached by the 
Conventions or by the American Society. 

THIRD CLASS.—STUDY OF HARDNESS AND FRAGILITY. 

Chapter I.—Proposed Definitions and Methods of Measuring. 

Our Commission has reserved the study of that subject for a 
future session. 

Chapter II.— Tests of Hardness by Scratching and by Resist¬ 
ance to Wear and Tear. 

« 

Our Commission has expressed the hope that those two subjects 
might be the object of complemental studies. 

The Conventions have expressed a like hope in reference to the 
wear and tear of rails and tires, requiring that those tests shall be made 
under conditions as nearly like those of practice as possible. 
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The American Socr ty declares that it is impossible to present, 
any recommendations upon that subject; however, it points out that, 
for rails it is proper to make tests upon curved pieces, and to take into 
consideration the action of shock, of rapid rolling, and of variations 
in temperature and humidity. 

Chapter III.— Folding Tests After Cold Hardening by 
Punching, or After Cutting. 

The Conventions have charged the permanent committee with 
searching for the causes of irregularities in ingot iron shown by 
unexpected breakages, notwithstanding tests upon the broken pieces 
had given satisfactory results. 

Our Commission considers that folding tests made after cold hard¬ 
ening ( ecrouissage ) or cutting should show those irregularities, and it 
has given in this respect certain practical rules which may in some 
measure bring out the information desired by the Conventions. 

FOURTH CLASS.—TESTS OF MANUFACTURE. 

Chapter I.— Cold Working Tests. 

The enlarging upon the mandrel, the heating, the flattening, and 
crushing tests, all studied in our resolutions, are not mentioned by 
the foreign resolutions. 

Chapter II.—Hot Working Tests of Irons and Steels. 

TESTS BY BENDING AND FOLDING. 

Our Commission points out certain tests to be made on plates, 
angle iron, and facing iron ; for bars cut from plates the same dimen¬ 
sions are assumed as for cold folding. 

It points out that all these tests should be made at the same heat. 

The Conventions recommend that certain kinds of metals, such as 
ingot or wrought iron for bridges, and plates of ingot iron or mild 
steel for boilers, shall be subjected to the hot folding test. For the 
latter a test will also be made after quenching. The hot test is made 
around a mandrel under the same conditions as in cold bending. 

TESTS BY STAMPING, BENDING INTO HOOKS, BORING, PRESSING, 
FORGING, FLATTENING, AND WELDING. 

The greater part of those tests are not mentioned in the foreign 
resolutions, except those by flattening and welding. 
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The Conventions recommend those two modes of test for different 
kinds of metals without trying to establish any definite rules. 

They declare that it is difficult to generalize from tests by welding, 
■since much depends upon the skillfulness of the operator, and they 
have determined to require a sub-committee to study the utility of the 
various hot tests. 

The American Society requires recourse to be had to the flattening 
test for testing riveted bars, and it states, as does our Commission, 
that the amount of spreading out obtained before the appearance of 
fissures furnishes one measure of the quality of the metal. 

It insists strongly on the welding test, stating that such a test has 
a special importance in the United States, inasmuch as welded pieces 
are frequently used there. 

It gives the precautions to be observed in welding, which should be 
done at one temperature, a white heat, and it requires that after the 
operation the test-piece shall be submitted to a tensile test. 

Another sample should be submitted to a folding test after a groove 
has been made of a depth equal to that of the weld. 

The American Society demands that the welded bars shall be 
allowed to cool without being wet. 

It does not prescribe the boring or piercing test after welding 
recommended by our Commission. 

FIFTH CLASS.—SPECIAL TESTS ON CERTAIN FINISHED 

PIECES. 

The foreign resolutions insist strongly upon the great interest that 
there will be in being able to make tests upon the finished pieces 
themselves; they require that in setting up testing machines the pos¬ 
sibility of making tests on finished pieces shall be kept in mind. 
They add that the shock test is generally the most important, and for 
certain pieces in frequent use on railroads they recommend or pre¬ 
scribe certain special tests. 

Our Commission, however, does not feel at liberty to formulate any 
such resolutions, and in making its studies of tests on finished pieces 
it confines itself to pointing out the method of executing the tests 
without indicating that any one may be superior to the others. 

Chapter I.—Tests on Wire. 

Our Commission has studied the principal tests that may be made 
on wire— i. e., tensile, folding, winding, and torsion. 
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The Conventions require upon this subject only that the torsion 
test shall be made by means of suitable machines, and that the folding 
test shall be made by machinery bending the piece alternately in two 
opposite directions around a mandrel 5 millimeters in diameter. 

The American Society reproduces those conclusions, requiring, 
however, that the diameter of the mandrel shall be equal to that of 
the wire. 

The analogous test studied by our Commission is that of winding 
or wrapping. It requires that the diameter of the roller or spool 
shall vary according to the destined use of the thread, but requires 
that it shall be always a multiple of the diameter of the wire. 

Chapter II.— Tests on Wire, Rope. 

Our Commission prescribes the rules to be followed in tests for 
tension and flexibility. The Conventions and the American Society 
require that a tensile and a shock test shall be made in the longitudinal 
direction without giving any further details on that subject. Our 
Commission expresses the hope that the study of tensile tests by shock 
may be continued, as well as the folding or winding tests, in order to 
furnish information as to flexibility. 

The Conventions add that the folding test is of value only when 
continued for a given length of time. 

Chapter III.— Tests on Chains. 

Our Commission proposes submitting chains to a tensile test made 
at first under a moderate load, then carried to rupture, and it gives 
some instructions relating to the execution of that test. For the test 
under a moderate strain it proposes adopting a strain double that to 
be met with in actual service. 

The American Society requires only that the chain shall be sub¬ 
jected to the service strain, and that the elastic and permanent elonga¬ 
tion shall be measured as well as the change in the form of the links. 

Chapter IV.— Tests on Rivets. 

As a special test on bars for rivets ; the American Society presents 
only the hot flattening test. 

Our Commission gives two principal tests ; one to separate the 
two riveted bands or bars by means of a chisel with a given bevel 
driven by blows of a hammer, and the other to subject those bars to 
a sort of shearing test. 
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Chapter V.—Tests on Pipes and Tubes. 

The foreign resolutions give no special information in regard to 
the manufacture test to be made on pipes or tubes. 

Chapter VI.— Tests by Hydraulic Pressure. 

For tests of steam boilers the American Society recommends the 
adoption of the method used by the Hartford Inspection Company, 
which is already in general use in the United States. 

Our Commission, without prescribing the methods of test re¬ 
quired in France, points out the precautions to be observed and the 
verifications to be made in testing boilers. 

For testing cylinders and pipes the American Society proposes 
the application of a pressure equal to the maximum working load. 
It requires, besides, that the dilation of pipes under that load shall 
be observed, as well as the permanent dilation, if any be produced, 
and to mention whether the pipe leaks. 

In conclusion, our Commission recalls the fact that hydraulic 
pressure has been used recently to acquire desired data relating to the 
elastic deformation of metals ; and it expresses the hope that those 
studies may be extended to plates. 

Paris, March 15th, 1895. L. Bacle. 


OBITUARY. 

George W. G. Ferris, widely known as the inventor of the Ferris 
wheel, which was one of the leading features of the World’s Fair at 
Chicago, died on November 22d, at Mercy Hospital, Pittsburg, Pa., 
from typhoid fever. He was born at Galesburg, Ill., but passed his 
early life on the Pacific coast, and was educated at San Francisco. In 
1876 he entered the Rensselaer Polytechnic Institute, at Troy, N. Y., 
from which he graduated. Subsequently he entered the employ of 
the Louisville Bridge Company, at Louisville, Ky. Among other 
work which came under his direction in connection with this company 
was the structural work for the Louisville & Nashville Railroad bridge, 
at Henderson, Ky. After the completion of this work he organized 
the firm of G. W. G. Ferris & Co., in Pittsburg. In 1893 Mr. Ferris 
constructed the wheel which brought him a reputation throughout the 
world as an original engineering genius. Mr. Ferris had sold out his 
interest in the wheel some time before his death. 



THE REFRACTIVE INDEX OF LUBRICATING 

OILS. 

By G. IV. Biss ell, A Dies, Iowa. 


T HE object of this paper is to present the results of some experi¬ 
ments made by the writer to discover the relation, if any, which 
exists between the index of refraction of an oil and some of its 
other properties, such as viscosity and specific gravity. The writer 
was led to make the experiments because the test for index of refrac¬ 
tion is very readily, quickly, and accurately made. 

The first series of tests was made by determining the viscosity, 
specific gravity, and refractive index of each of several mineral oils, 
all being the product of one refinery. 

The results appear in the following table : 


Name of Oil. 

Refractive 

Viscosity 
at yi° F. 

Specific 

Index at 68° F. 

Gravity. 

Water White Kerosene, .... 

1-4434 

10.6 

_ 

Sewing Machine,. 

Filtered Spindle,. 

1.4695 

14.2 

— 

1.4909 

I9.0 

■ 0.888 

A. M. Spindle,. 

1.4942 

19.6 

.898 

Arctic Engine,. 

1.4812 

22.6 

.873 

Dynamo,. 

1.4825 

22.9 

.877 

Arctic Machine. 

1.4839 

24.6 

.874 

.883 

Light Machine,. 

1.4885 

27.6 

Red M. Engine. 

1.4809 

47 -8 

' -877 

Locomotive Engine,. 

1.4894 

84-5 

.970 

Heavy Marine Engine,. 

1.4822 

10S.4 

.894 

t /ark Marine Engine. 

I 4869 

120.0 

•S 93 

60 0 \V. Cylinder,. 

1.4886 


— 


The viscosities are in seconds, and were obtained with a P. R. R. 
ioo cc. viscosity pipette. 

The indices of refraction were obtained with an Abbe Refrac- 
tometer, which actually measures the angle of total reflection, but is 
graduated to give refractive indices direct to four decimal places. 

The second series of tests were made to determine the difference 
in refractive indices of mixtures of a clean machine-oil taken from the 
tank with varying proportions of the same oil after it had been run 
through bearings and was in need of filtering. 
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The following table shows the results: 


Percentage of 
Clean Oil. 

Percentage of 
Dirty Oil. 

Refractive 

Index. 

Temperature. 

O 

IOO 

I.4816 

69 

IO 

90 

I.4814 

it 

20 

80 

I.4815 

“ 

30 

70 

I.4819 

it 

40 

60 

I.4804 

“ 

50 

5 ° 

I.4812 

70 

60 

40 

I.4814 

71 

70 

30 

I.4S12 

“ 

80 

20 

I.48H 

it 

90 

10 

I.4809 

u 

IOO 

0 

I.4S16 

69 


The conclusions derivable from the above data are that there is 
no relation for the oils tested between the refractive index and either 
the viscosity for the specific gravity, and that dirty or cloudy oil has 
the same refractive index as unused oil of the same grade. This latter 
conclusion is in accordance with other investigations made in Germany, 
which showed that cloudiness of a liquid does not change its refractive 
power. 


[Translation from article in Stahl und Risen, January ist, 1896.] 


INVESTIGATIONS REGARDING THE INFLUENCE 
OF COLD UPON THE STRENGTH 
OF IRON AND STEEL. 


By Professor M. Rudeloff. 


A COMMISSION received from the Imperial Dock-yard at Wil- 
helmshafen by the Charlottenburg Experimental Station, pre¬ 
sented the opportunity of making thorough investigations re¬ 
garding the influence of cold as low as 8o° C. upon the strength of 
various kinds of iron and steel. In view of the importance of this 
.question, and in order to make the results of these investigations ac¬ 
cessible to a wider circle of readers, a concise compilation of them is 
here given, while, regarding the details of the examination and the 
results obtained thereby, the reader is referred to the article on the 
same subject in Mittheilungen aus den Koniglichen technischen Ver- 
suchsans fatten, 1895. Heft 5. 

The investigations embraced tensile, bending, and riveting tests at 
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the ordinary temperature of a room, as well as at 20° C., and at So 0, 
C\, three parallel experiments being always made. 

In making the tests the following materials were employed : 

1. Soft rivet iron (weld iron), round rods 25.5 millimeters in 

diameter. 

2. Siemens-Martin ingot iron, angle of 100x100x14 milli¬ 

meters. 

3. Thomas steel from “Roth Erde,” the same as No. 2. 

4. Rolled weld iron, angle of 100x65x9 millimeters. 

5. Spring steel, round rods 25 millimeters in diameter. 

6. Cast steel, same as No. 5. 

7. Wrought weld iron (tilted or hammered iron), same as 

No. 5. 

For the tensile experiments small cylindrical rods were prepared 
from the round rods, and flat pieces from the angles. The dimen¬ 
sions adopted for all test-pieces were 80 millimeters cross-section 
and 100 millimeters testing length, so that all the materials could be 
directly placed in comparison with one another. The tests were ex¬ 
ecuted with a 50-ton Pohlmeyer machine under a steadily increasing 
load with a working velocity as equal as possible. 

For the riveting tests cylindrical pieces of a length equal to the 
diameter which, according to the original thickness of the material, 
amounted to from 8 to 10 millimeters, were used. Each piece re¬ 
ceived 10 blows of equal specific effect ( a ) which, for the materials 
Nos. 1 to 4 and No. 7 with a tensile strength of less than 50 kilo¬ 
grammes per square millimeter, was adopted equal to 5 mkg. per 
ccm., and for the materials Nos. 5 and 6, with a tensile strength of 
over 50 kilogrammes per square millimeter, equal to 20 mkg. per 
ccm. 

For the bending tests pieces 150 millimeters long were used. The 
test-pieces from the round rods Nos. 6 and 7 were not subjected to 
further manipulation, while for the purpose of facilitating bending 
the round rods Nos. 5 and 6 were turned down to 15 mm., and the 
test-pieces from the angles were cut 30 mm. in width and rounded 
off on the edges. Bending was induced in a screw press under a 
spindle 25 mm. in diameter to about 90°, and then continued by 
means of a steadily increasing load upon the leg ends. 

For the experiments at—20° C., the chilling of the test-pieces was 
effected in a freezing mixture of ice and salt, and for the experiments 
at —8o° C., in solid carbonic acid. In the tensile tests the pieces re- 
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mained in the cold baths during the entire experiment, while in the 
riveting and bending tests the pieces were taken from the baths for 
examination, but returned to them for 15 minutes to be chilled again, 
the pieces for the riveting tests being thus returned after each blow, 

a. The mean values for the results of the tensile experiments are 
compiled in Table I, and graphically represented in Figs. 1 to 3. 
They admit of the following general deductions: 

1. By cooling, the strain on the limit of extensibility as well as 
the breaking strain are increased. 

2. With an equal fall in temperature the change in the limit of 
extensibility by reason of cooling to —20° C., is, generally speaking, 
slight as compared with that between —20° and —8o° C., while the 
breaking strain is proportionally more influenced by slight cooling 
(to —20 0 C.) than by stronger cooling (to —8o° C.). 

3. Elongation by rupture (Fig. 3) decreases with increasing cold, 
and increases only with wrought weld iron (tilted or hammered iron). 
This influence is partially proportional to the foil in temperature and 
partially it first becomes especially pronounced between —20° and 
—8o° C. 

A comparison of the different varieties of iron shows that in the 
breaking experiment the Siemens-Martin ingot iron resisted least the 
influence of cooling to —8o° C., the changes for the limit of extensi¬ 
bility amounting to -f- 23.8 %, for the breaking strain to -|- 11.9 %, 
and for the elongation to 90 mm. length to about —30 Next to 

the Siemens-Martin ingot iron comes the spring steel (-f- 14.7, 
-f- 9.3, and —32 c fo') f ; then follow hammered iron (-f- 17.6, -f- 8.6, 
and -f- 9.4); Thomas steel (-|- 11.5, -|- 6.5, and —13-2); cast 
steel (-f- 6-8, -f- 6.1, and —18.7 %); soft rivet iron (-f- 5.9, 
-f- 7.5, and—14.1 %) ; and rolled weld iron (+ 3.2, -f- 7.5, and 
— 5-2 %)• 

An interesting phenomenon in the rupturing experiments de¬ 
serves special mention—namely, that, with increasing cold down to 
—8o° C., all the varieties of iron and steel exhibited an increase in 
the flowing power (Fliessvermogen) under the load at the limit of 
extensibility, which, with a constant velocity of the rupturing ma- 

* This value is doubtful, because of the three test-pieces tested at —8o° C., 
two broke outside of the division, and the rupture of the third test-piece took place 
in the last division mark. 

■ f These and the succeeding values are given in the same succession as for 
Siemens-Martin iron. 
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chine, is given by the length of the extension / in the traced line, 
Fig. 4. 

The separate values for the length of / were determined by the 
lines traced by the machine during the experiment, and are compiled 
in Table II. They show that the increase in the flowing power 


TABLE II. 

Length of the Horizontal Portion / of the Traced Lines on the 
Limit of Extensibility. 


Material. 

1 ■ 

2 

3 

4 

5 

6 
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(Fliessvermogen) under the load at the limit of extensibility was a 
general one, and showed itself even in materials Nos. 4 and 5—rolled 
weld iron and spring steel—which did not possess it at the ordinary 
temperature of a room. 

This observation enters into close connection with that made by 
Charpy, according to which the flowing power (Fliessvermogen), while 
existing distinctly at the ordinary temperature of a room, gradually 
disappears with increased heating. 

b. In view of the method used in making the experiments, the 
results of the riveting tests can be best reviewed by considering the 
decrease in height the test-pieces suffered after receiving blows of 
equal specific effect at the three different degrees of temperature. This 
comparison may be carried out for blows of an effect of 10, 20, 30, 
and 40 mkg. per ccm. For this purpose lines were constructed from 
the separate observation values, the repetition of which, for the sake 
of brevity, is here omitted by laying down the effects of the blows as 
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abscisses and the decreases in height belonging thereto as ordinates, 
and from these lines the decreases in height for the effects of the four 
blows mentioned above were taken. The values obtained thereby are 
compiled in Table III, together with figures giving the proportion of 
decrease in height at lower degrees of temperature to that at the ordi¬ 
nary temperature of a room. 


TABLE III. 

Influence of Cooling upon the Decrease in Height of the Riveting 
Test-pieces bv Blows of Equal Specific Effect. 
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From the mean values for these proportional figures it follows: 

i. That the more the materials were cooled the less their shape 
was altered under blows of equal effect. Hence, by the influence of 
cold the capacity of the matertal for having its shape altered by rivet¬ 
ing had suffered in a like manner as its power of extension in the 
rupturing experiment, though the influence upon the riveting capacity 
did not run entirely parallel with that upon the extensibility. 
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2. The magnitude in the loss of riveting power amounts at 
—20 0 C. up to 8 per cent., and at —8o° C. up to 23 per cent. 

3. By arranging the materials examined in accordance with the 
increasing influence of cold the following series is obtained: Ham¬ 
mered iron, rolled weld iron, Thomas steel, spring steel, cast steel, 
Siemens-Martin iron, and soft riveting iron. 

e. The bending tests judged by the magnitude of the bend 

Eg == 50 if J equals the thickness or diameter of the test-piece 

and a the diameter of the curve, and by the bending angle w, show: 

1. That, generally speaking, cooling to—20° C. exerted but little 
influence upon the flexibility of the varieties of iron examined. 

2. The flexibility of the test-pieces of soft rivet iron and rolled 
weld iron was not seriously alfected by cooling to—8o° C., but that 
of all the other materials suffered by reason of the lower temperature. 

3. The greatest effect was produced on cast steel and spring 
steel; then follow Siemens-Martin ingot iron and 'Thomas steel with 
about the same effect, while the three varieties of weld iron showed 
the greatest resisting power. It must, however, be noticed that, not¬ 
withstanding the perceptible influence of cold, the Siemens-Martin 
iron and Thomas steel showed throughout greater flexibility at—8o° C. 
than the rolled and wrought weld irons, and in this respect were not 
surpassed by the soft rivet iron (weld iron). 



Fig. 1.—Strain on the limit of extensibility. 
Fig. 2,—Breaking strain. 
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Explanation of the Figures. 

1. o-o. Rivet iron. 

4. x-x. Structural weld iron. 

7. x-x. Hammered iron. 

2. ... Siemens-Martin,) . . . 

- ingot iron 

3. x . . .x. Thomas, > 

5. o— —o. Spring steel. 

6. o— —o. Crucible cast-steel. 



Fig, 3.—Alteration in the elongation by fracture by cooling to —8o° C. 
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EFFECT OF AN ADDITION OF GYPSUM TO 
PORTLAND CEMENT. 


F SCHOTT has observed by the prisms in the Bauschinger 
apparatus the changes in volume of cements of different 
composition, and has compiled the results in the following 

table: 


Extension per 100 Meters Length in Millimeters. 
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The greatest constancy in volume is exhibited by the cement 
containing only lime and silica, ioo parts of such cement mixed with 
63 parts gypsum showing no extension, even after \ x / % years, but a 
slight reduction in volume. The cement prepared from kaolin which, 
besides silica, contains 12.53 P er cent, alumina, shows an essentially 
different behavior. Even without the addition of gypsum it exhibits 
strong extension, and mixed with 63 parts gypsum (CaS 0 4 + 2aq) 
to 100 parts of cement it swells very much. The gypsum was meas¬ 
ured to correspond with the 12.53 per cent, alumina, present by 
reason of the double combination of gypsum with calcium aluminate, 
AL 2 0.),3Ca0 -f- CaS 0 4 , assumed by Michaelis. While iron cement by 
itself behaves like good Portland cement, when mixed with gypsum it 
shows progressive strong extension, so that chemical actions similar to 
those between gypsum and calcium aluminate also take place between 
gypsum and calcium ferrate. The combination, 2Ca0Al a 0 3 , shows, 
from the start strong extension, which is still further increased by an. 
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addition of gypsum. To obtain a clear insight into the chemical 
processes upon which this phenomenon is based, the combination, 
2Ca0Al 2 0 3 , was scorified and mixtures of it with i, 2, and 3 equiva¬ 
lents of hydrous gypsum prepared. These mixtures were reduced to 
fine powder in an agate dish and 2 grammes of each brought into test- 
tubes previously weighed. Fifty c. cm. of water were then poured 
over the contents of the test-tubes to test their capacity for absorbing 
water. While 100 parts of the combination, Al 2 0 3 2CaO, by harden¬ 
ing in water and forming the hydrate with 5 equivalents of water, 
absorb 41.92 parts of water, 100 parts of Al 2 0 3 2Ca0 in the presence 
of 2 equivalents of gypsum and the formation of the double combina¬ 
tion with 18 equivalents of water reabsorb 118.38 parts of water, which 
explains the swelling. , 


STRENGTH OF CEMENT MORTARS AFTER 
HARDENING FOR SOME TIME IN 
THE OPEN AIR. 


A S a contribution to the hardening of cement mortar in the air 
by the action of carbonic acid, R. Dyckerhoff communicates 
the following results of his observations on mortar with 1 to 
10 parts sand, made from cement which by the normal test showed 
a tensile strength of 23.6 kilogrammes and a compressive strength of 
232 kilogrammes. The mortars were allowed to harden for one week 
in water, and were then exposed to the weather in the open air: 



The lime used for the experiments was hydraulic lime from 
Beckum, and the sand, Rhine sand sifted through a 5-millimetre mesh 
sieve. — Chemisch technisches Repertorium. 
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Bicycle Frame Tests—Luminum versus Steel Tube. 


Series A. 

Luminum 

( C 

Stearns 


Series B. 

Luminum 

< C 

Stearns 


Sekies C. 

Luminum 

Stearns 
< ( 

Series D. 

Luminum 

( i 

Stearns 


Luminum 

Sekies E. 

Luminum 
< ( 

Stearns 


Series F. 

Luminum 

t i 

Stearns 


Sekies G. 
Luminum 

i ( 

Stearns 


SUMMARY OF TESTS. 

STATIC LOAD ON CRANK HANGER. 

Frames, average crippling strength, . . . 2,775 pounds 

“ “ ultimate “ ... 3,623 “ 

“ “ crippling “ ... 2,925 “ 

“ “ ultimate “ ... 4,172 “ 

“ show 534 percent, higher crippling strength. 

“ “15 “ “ ultimate “ 

STATIC LOAD ON SEAT POST 

Frames, average crippling strength, . . .4,219 pounds 

“ “ ultimate “ ... 4,344 “ 

“ “ crippling “ . *. . 4,275 “ 

“ ‘‘ ultimate “ ... 5,438 “ 

“ show 1 y 2 per cent, higher crippling strength. 

“ , “ 25 “ “ ultimate “ 

STATIC LOAD IN LINE OF SPROCKETS. 

Frames, average ultimate strength, . . .1,750 pounds 
“ “ “ "... 2,600 " 

“ show 48^4 per cent, higher ultimate strength. 

STATIC LOAD ON PEDAL ON ONE SIDE. 

Frames, average crippling strength, . . . 300 pounds 

" “ ultimate ' “ . . .1,268 " 

" " crippling " ... 845 " 

" “ ultimate “ ... 1,250 " 

“ show 18x34 per cent, higher crippling strength. 
" " 134 “ " ultimate " 

IMPACT ON SKAT POST. 

Frames, average crippling strength, -. 2,575 inch-pounds 
" " ultimate " . 4,055 " 

" “ crippling " 13,300 “ 

" “ ultimate " 15,900 “ 

“ show 416 per cent, higher crippling strength. 

" " 202 " “ ultimate " 

IMPACT ON CRANK HANGER. 

Frames, average crippling strength, . 6,573 inch-pounds 
“ “ ultimate " . 6,820 “ 

“ " crippling " . 8,678 “ 

“ “ ultimate " . 9,857 “ 

“ show 32 per cent, higher crippling strength. 

“ “ 4434 “ “ ultimate " 

HORIZONTAL IMPACT ON FRONT FORK. 

Frames, average crippling strength, . 1,273 inch-pounds 
“ “ ultimate “ . 1,575 “ 

“ “ crippling " . 3,544 “ 

“ <l ultimate " . 4,463 " 

“ show 178 per cent, higher crippling strength. 

“ " 183 “ " ultimate " 
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LITERATURE. 

Notes on Mechanical Laboratory Practice by C. H. Benjamin. 
Professor of Mechanical Engineering, Case School of Applied Science, 
Cleveland, Ohio. 

This work is an embodiment of the essentials of the means, ma¬ 
terial, and machine used in testing materials directly connected with 
mechanical engineering. Professor Benjamin has introduced a routine 
or system for the laboratory, which in itself is highly commendable; 
for, the quicker a student is taught systematic practice, the more 
readily will he fall into line, when no longer under a Professor, but 
rubbing against the unsympathetic competition of the world. While 
designed for the use of students, it is also invaluable for the profes¬ 
sional man, as a book of reference. The book is well printed on 
good paper, and the various appliances mentioned in contents below 
clearly illustrated. 


CONTENTS. 

Chapter T.—Tiie Strength of Materials. —The testing machine. Extensom- 
eters and other measuring instruments. Forms of specimens. Routine for 
various tests and forms for reports. 

Chapter II.— Dynamometers. —Absorption and transmitting dynamometers. 
Alden dynamometer. Webber dynamometer. Belt-testing machine. Cali¬ 
bration of dynamometers. Directions for use and forms for reports. 

Chapter I IT.— Measurement of Heat and Steam. —Thermometers, pyrometers, 
draft, and steam gauges. Calibration of apparatus. Barrel calorimeter. 
Throttling calorimeter. Separating calorimeter. Barrus calorimeter. Forms 
for reports. 

Chapter IV.—The Testing of Steam Boilers. —Equivalent evaporation. Table 
of factors. Standard method of making a boiler test. Simple forms for ordi¬ 
nary trials. 

Chapter V.— Indicators and Planimeters. —Directions for the care of indica¬ 
tors and their calibration. Reducing motions. Directions for the use of indi¬ 
cators. Theory of the polar planimeter and directions for its use. Indicator 
diagrams. 

Chapter VI.— Testing Steam Engines. —Instruments. Test of surface condenser. 
Directions for making an engine test and forms for reports. Standard method 
for duty trials of pumping engines. Testing small pumps. Tables. 
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[For the convenience of the readers of the Digest of Physical Tests we have arranged below 
a list of treatises and notes that have appeared in many of the leading mechanical newspapers and 
magazines during the year 1896, The titles and dates of the papers containing the articles, and 
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large and small, and will doubtless prove of advantage for ready reference.— Editor.] 
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Odd Belt Lacings, American Machinist, May 28th, 1896, B. F. Fells. 

Testing Motocycles, Scientific American, May 30th, 1896. 

Experiments on Arches, American Engineer, May, 1896. 
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Manilla Rope, pamphlet, by C. W. Hunt Co., 45 Broadway, New York. 

Production of Metallic Bars of any Section by Extrusion at High Temperatures, Iron 
Age, June 4th, 1896, P. P. Nursey. 

Tests of Oil, American Machinist , June nth, 1896, Edmund Morris. 

Remarkable Pig-Iron Test, Iron Age, June nth, 1S96. 

Wrought-Iron versus Steel, American Manufacturer. June 12th, 1896. 

Friction of Machine Bearings, Railway Review, June 13th, 1896. 

Inflammability of Charred Wood, Railway Review, June 13th, 1896. 
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Conversion of Emery into Corundum, Indian and Eastern Engineer, June 13th, 1896, 
A Hypothetical New Hydraulic Cement, Indian and Eastern Engineer , June 13th, 
1896, A. D. Elbers. 

Description of a Motor-Alternator made for Electrical Laboratories, at University 
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West. 

Sir Henry Wotton’s Theorems of the Arch, Indian and Eastern Engineer, June 
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Bullock. 

Bursting of a Rod Mill Fly-Wheel, Iron Trade Review, June 25th, 1896, Howard P. 
Fairfield. 
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Impact and Abrasion Tests of Paving Brick, The Technograph, June, 1896, H. J. Burt. 
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Tests by R. T. Hanford. 

Test of Strains on Truck Bolsters, Railroad Car Journal, June, 1896. 

Cork Pavement Used in Vienna , Journal of Franklin Institute, June, 1896. 

Strength of Monier Plates, Engineering News, July 9th, 1896. 

Lacing Rubber Belts, Iron Age, June 25th, 1896, G. D. Rice. 

Strength of Tubing, Iron Age, July 2d, 1896, Oberlin Smith. 

Tests for Machine Oils, American Machinist, July 2d, 1896, W. C. Heckendorn. 
Resu'ts of Tests Made in the Engr. Lab. of Mass. Inst. Tech., Engineering News, 
July 2d, 1896. 

Steel Shafts, American Manufacturer, July 3d, 1896. 

Life of the Steel Rail, Scientific American , July 4th, 1896, J. F. Wallace. 

Cement from Blast Furnace Slag, Railway Review , July 4th, 1896, 

Physical Experiment in Re ation to Engineering, India and Eastern Engineer, July 
4th, 1896, Dr. Alex. B. W. Kennedy. 

Ductile Cast Iron, Indian and Eastern Engineer, July 4th, 1896. 

Corrosion of Rails and Air-Brake Pipes, Railway Reviezv, July 4th, 1896. 
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About Test Sections, Iron Age, July 23d, 1896, P. Kreuzpointner. 

Notable Shell Test, American Manufacturer , July 24th, 1896. 

Tests of Pig Iron, Engineering, July 24th, 1896, Thos. D. West. 

Strength of Thin Cylinders, Engineering, July 24th, 1896, J. C. Spence. 
Specifications for Car Axles, American Manufacturer, July 24th, 1896, M. C. B. 
Association. 

Microscopic Internal Flaws Inducing Fracture in Steel, Engineering, July 24th, 
1896, Thomas Andrews. 

Casting on Chills, American Manufacturer, July 24th, 1896, L. C. Jewett. 

Tests Upon Pneumatic Bicycle Tires, Railway Review, July 25th, 1896. 

Strength of Hollow Bars or I-Beams, American Machinist, July 3 ot ^» 1896. 
Corrosion from Dissolved Copper, The Locomotive, July, 1896. 
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Rule for Safe and Bursting Strains of Tubes, Pipes, and Hollow Cylinders, Machinery , 
July, 1896, John G. Cooper. 

Bursting Test, Power , July, 1896, P. J. Sheehan. 

Tests of Brake Shoes, Railway Master Mechanic , July 1896, M. C. B. Convention. 

Limit of Elasticity, American Engineer, July, 1896, Professor Hudson Beare. 

ASpring-Supported Anvil for Drop Testing Machines, American Engineer. 

Physics of Cast-Iron, pamphlet, Transactions of the American Institute of Mining 
Engineers. 

The Hardening of Steel, American Manufacturer , April 17th, 1896, A. L. Chatelier. 

Action of Water on Cement, Railway Review, August 1st, 1S96. 

The Endurance of Rotating Shafts, Scientific American, August 1st, 1896. 

Test of Adhesion of Concrete to Iron, Engineering News , August 6th, 1896. 

Strength of Timber and a Formula for Timber Columns, Engineering News, August 
6th, 1896, J. B. Johnson. 

Coupler Tests, Railway Review , August 8th, 1896, R. W. Hunt. 

Strength of a Concrete Slab, Engineering News , August 13th, 1896. 

Effect of Shocks Upon Iron and Steel Castings, Engineering News , August 13th, 
1896, A. E. Outerbridge. 

Tests of Steel Castings, Iron Age, August 13th, 1896. 

Hardening Iron and Steel, Iron Age, August 13th, 1896. 

Power Required by Wood-Working Machinery, Iron Age, August 13th, 1896, O. G. 
Dodge, U. S. N. 

Testing Steel for Marine-Engine Construction, Railway Review, August 15th 
1896. 

Fibrous Wrought Iron and Crystalline Steel, Iron Age , August 20th, 1896, W. F 
Durfee. 

Tests of Brake-Shoe Metal, Railroad Gazette , August 2lst, 1896, M. C, B. A. 

Testing Quicksand, Railway Review , August 22d, 1896. 

Hardening of Cement, Cement and Engineering News, August 25th, 1896, Robert L 
Ball. 

Manufacture and Testing of Portland Cement, Cement and Engineering News, 
August 25th, 1896, Henry Faija. 

Standard Specifications for Steel, Engineering News, August 26th, 1896, H. H. 
Campbell. 

Sand-Jet Effect Upon a Cast-Iron Water Pipe, Engineering News, August 27th, 1896. 
A. H. Walters, Secretary. 

Uniform Methods of Testing Structural Materials, Engineering News, August 27th, 
1896. 

Revised Specifications for .Steel, American Manufacturer , August 28th, 1896. 

Relative Merits of Iron and Steel, Locomotive Engineer, August, 1896. 

Ductile Cast Iron, Locomotive Enginee ", August, 1896. 

Concrete, Cement and Engineering News, August, 1896. 

Molecular Annealing, Journal of Franklin Institute, August, 1896, A. E. Outer- 
bridge. 

Card of Comparative Stress on Different Size Journals, Railway Master Mechanic, 
August, 1896, M. C. B. Convention. 

Mechanical Energy of Gunpowder and of Steam, Locomotive Engineer, August, 
1896. 
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A Cement Safe, Cement and Engineering News. 

Sawdust Briquettes, Railway Review. 

Latest Form of Specimen for Tensile Test, Steel Plate Pamphlet , Hon. J. A. Dumont, 
S. I. G., Washington, D. C. 

Notes on Cement Testing, pamphlet, Spencer B. Newberry, E. M. 

Effect of Expansion on Shrinkage and Contraction of Iron Castings, Leaflet by 
Thos. D. West. 

Standard Physical Tests, Cast-Iron, Leaflet, Thos. D. West. 

Mobility of Molecules of Cast-Iron, pamphlet by A. E. Outerbridge, Jr. 

Southern Pine—Mechanical and Physical Properties, pamphlet, United States Govern¬ 
ment, Tests by J. B. Johnson. 

Impact Tests, pamphlet, Prof. Mansfield Merriman. 

Thermal Tests of Car Wheels, American Engineer. 

Manufacture and Testing of Portland Cement, Cement and Engineering News, Henry 


Faija. 

Tests for Portland Cement, Cement and Engineering News, Mr. Michele. 

Brick-Dust Cement, Cement and Engineering News. 

Definitions of Cement, Cement and Engineering News. 

Stone and Concrete Bridges with Virtual Joints, Railway Review. 

Solid and Hollow Shafts and Their Weight Relation, American Machinist, Septem¬ 
ber 3d, 1896, Henry Hese. 

Fibrous Wrought-Iron and Crystalline Steel, Iron Age, September 3d, 1896, W. F, 
Durfee. 

Mileage of Chilled Cast-Iron Wheels, Iron Trade Review, September 10th, 1896. 
Tests of Cast-Iron Columns, Engineering , September nth, 1896, Yorkshire College, 
England. 

Testing Metals for Hardness, American Machinist, September 17th, 1S96. 

Testing Steel Tapes, Engineering News, September 24th, 1896. 

Apparatus for Testing Indicator Springs, Power, September, 1896, A. Bollinck. 

Tests of Vulcanite Portland Cement, Municipal Engineer, September, 1896. 

Tensile Tests of Cast Steel , Journal of U. S. Artillery, September, 1896. 

Tests of Cement Beams, Inland Architect and News Record, September, 1896. 

Iron and Steel, Physical Properties, Home Study, September, 1896. 

Fire-Proofing Tests, American Engineer. 

Testing Lubricants, American Engineer, P. MacGahan. 

Cement and Sewer Pipe, Cement and Engineering News. 

Tests of Bolted Joints, Technological Quarterly, September, 1896. 

Tension Test Steel Boiler Plate, “ “ “ 

Tension Test Bolt Steel, “ “ “ 

Compression Test Iron Pipe Column, “ “ “ 

Transverse Strength of Timber, “ “ “ 

Sand Test, Compression, “ “ “ 

Sand Test, Tension, “ “ “ 

Neat Cement, Compression, “ “ “ 

Neat Cement, Tension, “ “ ** 

Compression Tests Timber, across grain, “ “ “ 

Tension Test Wrought Iron and Steel, “ “ “ 

Tension Test Brass Rods, “ “ " 
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Tension Test Bronze Alloys, Technological Quarterly, September, 1896. 

Tension Test of Wire, “ “ ,l “ 

Torsional Tests of Wire, “ “ ‘‘ 

Torsional Tests of Bessemer Steel, “ ‘‘ “ “ 

Torsional Tests Refined Iron, “ “ “ ‘‘ 

Torsional Test Swedish Iron, “ “ “ “ 

Torsional Test Composition, “ “ “ “ 

Torsional Tests, Brass Specimens, ‘‘ “ “ “ 

Tension Tests of Rope—all kinds, “ “ “ “ 

Permeability of Iron and Steel, pamphlet, Max Ostenberg, E. E. 

Use and Abuse of Portland Cement, pamphlet, David B. Butler. 

Physics of Cast Iron, pamphlet, Transactions of American Institute of Mining 
Engineers. 

Tests of Hollow Shafting, Iron Age, October 1st, 1896, G. D. Rice. 

Strength of Welds, American Manufacturer, October 2d, 1896. 

Effect of Cold on Iron, Iron Age, October 8th, 1896, II. K. Landis. 

Standard Specifications for Structural Steel, Railway Review , October loth, 1896. 
Testing Hardness of Metals, American Machinist, October 15th, 1896, S. R. 
Leonard. 

Hardness Test for Metal, Railway Review, October 17th, 1896. 

The Tests of Car Wheels, Railroad Gazette, October 23d, 1896, A. W. Whitney. 

A Heat Test for Car Wheels, Railroad Gazette, October 23d, 1896. 

Effect of the Bending of Wire Rope, Railway Review, October 24th, 1896, W. 
Hewitt. 

Tests of Brake Shoes, Locomotive Engineer, October, 1896, M. C. B. A. 

Cast Iron Tools, American Engineer, November, 1896. 

Tests of Wire Cable, American Engineer, November, 1896, Yorkshire College, 
England. 

Testing Cast Iron Car Wheels, Iron Age, November 5th, 1896. 
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Director R. H. Thurston, Sibley College, Cornell University, Ithaca, N. Y. 
Prof. C. H. Benjamin, M. E. Lab., Case School of Applied Science, 
Cleveland, Ohio. 

Prof. J. Galbraith, School of Practical Science, Toronto, Ont. 

R. C. Carpenter, Sibley College, Ithaca, N. Y. 

Prof. J. B. Johnson, Washington University, St. Louis, Mo. 

Prof. Mansfield Merriman, Dept. Civil Engr., Lehigh University, South 
Bethlehem, Pa. 

R. W. Hunt, M. E., Chicago, Ill. 
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Prof. F. Paul Anderson, State College of Kentucky, Lexington, Ky. 
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N. S. Shaler, Dean, Lawrence Scientific School, Harvard University, Cam¬ 
bridge, Mass. 

L. S. Randolph, M. E., Va. Agric. and Mech. College, Blacksburg, Va. 
Walter Flint, M. E., Professor, Maine State College, Orono, Me. 

Dr. Wm. H. Wahl, Secretary, Franklin Institute, Philadelphia. 

Davis & Sax, 304 Hale Building, Philadelphia, Pa. 

Wm. J. Donaldson, Whitaker Cement Co., Betz Building, Philadelphia, Pa. 
A. W. Dow, Inspector, of Cement for D. C., Washington, D. C. 

William Kent, Passaic, N. J. 

W. E. Partridge, 78 Reade St., New York City. 

W. Barnet LeVan, Consulting Engineer, 2226 N. Ninth St., Philadelphia, Pa. 
Wm. R. Webster, 413 Walnut St., Philadelphia, Pa. 

Thomas Gray, Rose Polytechnic Institute, Terre Haute, Ind. 
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Prof. L. E. Reber, Penna. State College, State College P. O., Pa. 

Prof. Thos. B. Stillman, Ph. D., F. C. S., Stevens Institute of Technology, 
Hoboken, N. J. 

Dr. Hartig, Technische Hochschule, Dresden. 

Clifford Richardson, Supt. of Tests, Barber Asphalt Paving Co., Long Island 
City, N. Y. 

Prof. Edgar Kidwell, M. E., Michigan Mining School, Houghton, Mich. 

F. P. Howe, M. E., Vice-Pres., Wm. Wharton, Jr. & Co., Phila., Pa. 

James Christie, M. E., Pencoyd Iron Works, Pencoyd, Phila. 

F. H. Ivindl, Structural Engr., Carnegie Steel Co., Ltd., Pittsburg, Pa. 
Wilfred Lewis, M. E., with Wm. Sellers & Co., Inc., Phila. 

Prof. Forrest R. Jones, Univ. of Wisconsin, Madison, Wis. 

Prof. C. R. Jones, M. E., West Virginia University, Morgantown, W. Va. 
Dan’l W. Mead, Consulting Engr., Rockford, Ill. 

Prof. Geo. M. Peek, Univ. of Virginia, Blacksburg, Va. 

Prof. W. H. Warren, Prof, of Engineering, Univ. of Sidney, Sidney, N. S. W. 
Prof. W. F. M. Goss, Purdue University, Lafayette, Ind. 

Wm. Forsyth, Mech. Engr., ^Chicago, Burlington & Quincy R. R. Ci>., 
Aurora, Ill. 


OPINIONS OF THE PRESS. 


Journal of the U S. Artillery , Lieut. John P. Wisser, ist Artillery, Editor, 
Fort Monroe, Va.—“It gives us great pleasure to inform you that the 
Digest of Physical Tests has our hearty approval, not only for the purpose 
it aims to carry out, but also for the success of its efforts. It certainly 
has an important place in science, and we wish it all success.” 

Fredk. J. Miller, Editor American Machinist, New York.—“I certainly 
* consider the Digest of Physical Tests a very interesting publication, and 
have no doubt that all those who pay particular attention to tests of 
materials will find it not only interesting, but valuable.” 

Editor Inland Architect, Chicago, Ill.—“ I regard the Digest of Physical Tests 
a valuable addition to technical literature.” 
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UNSOLICITED COMMUNICATIONS. 


Prof. J. C. Branner, Department of Geology, Stanford University, Cali¬ 
fornia.—‘‘I am much pleased with the Digest of Physical Tests, and I 
take great pleasure in assuring you that as a working geologist 1 look to 
such tests and demonstrations as you are practically carrying on for 
much help toward understanding many of the physical problems of 
geology.” 

R. H. Soule, Superintendent Motive Power, Norfolk & Western R. R. Co., 
Roanoke, Va.—“I very much appreciate the Digest of Physical Tests, 
and have carefully examined each number so far.” 

Daniel W. Mead, Consulting Engineer, Rockford, Ill.—“ I am very much 
pleased with the Digest of Physical Tests, and think it will be of great 
interest and value to all engineers interested in construction work.” 

Prof. C. R. Jones, M. E., West Virginia University, Morgantown, W. Va.— 
“ I am very much pleased with the Digest of Physical Tests , and, like all 
others who have examined it, I think it supplies a long-felt want.” 

Wilfred Lewis, M. E., with Wm. Sellers & Co., Inc., Philadelphia.—“In 
regard to the Digest of Physical Tests, am much pleased with its appear¬ 
ance and contents, and have no doubt but that the enterprise will meet 
with deserved success.” 

Dr. Robt. H. Thurston, Sibley College, Cornell University, Ithaca, N. Y, —> 
“ I will gladly do all I can to help you with the Digest of Physical Tests. 
It is a good work.” 

Director Frank C. Hatch, Armour Institute, Chicago, Ill.—“Surely no 
one who is interested can pick up a work like the Digest of Physical 
Tests without finding some principles that are new and attractive.” 

Commodore Geo. W. Melville, Engineer-in-Chief, U. S. N., Chief of 
Bureau of Steam Engineering, Washington, D. C.—“I appreciate the 
importance of the work you have in hand, viz., the Digest of Physical 
Tests, and would gladly lend a helping hand but for the press of other 
duties. Wishing you every success in your undertaking, I am,” etc. 
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RIEHLE BROS. TESTING MACHINE CO., 

Engineers, Founders, Machinists, 

PHILADELPHIA, PA., U. S. A., 

Manufacture as follows: 

Vertical Screw-Power Testing Machines, from 50 lbs. to 500,000 lbs. 
Vertical Hydraulic Testing Machines, from 60,000 lbs. to 1,000,000 lbs. 
Horizontal Screw-Power Testing Machines, from 100 lbs. to 100,000 lbs. 
Horizontal Hydraulic Testing Machines, from 50,000 lbs. to 1,000,000 
lbs. 

Spring Testing Machines, from 50 lbs. to 100,000 lbs. 

Riehle U. S. Standard Cement Testing Machines and accessories of 
every description. 

Foundry Testers for Transverse Specimens. 

Riehl6-Yale Extensometer; also, 

A Large Variety of Special Appliances and Requisites for the Com¬ 
plete Outfit of a Physical Testing Laboratory, whether for Uni¬ 
versities, Railroad Companies, or Iron and Steel Works. 

Testing Machines for Oils and Lubricants, from the Smallest to the 
Largest Required, large enough to test a Master Car Builders’ 
Axle Journal. 

RiehR-Miller Torsional Testing Machine, for Testing Large Specimens. 
Also, Torsional Testing Machine, for Testing Wire and Small Speci¬ 
mens. 

Riehle Abrasion Testing Machine, for Testing Iron and Steel Speci¬ 
mens and Building Material. 

Riehle Double Head Specimen Miller (for preparing Test Specimens 
of Metal). 

Riehle-Robinson Dynamometer. 

Riehle-Alden Automatic Absorption Dynamometer. 

Riehlb Standard Bending Testing Machine. 

Hydraulic Presses and Pumps, with Variable Stroke. 

Standard Hydraulic Cranes and Accumulators. 

Improved Hydraulic Pipe Provers, for Testing Pipe, from 24 in. 
diameter up to 48 in. diameter. 

We are well equipped with a corps of superior Engineers and 
Designers, Draughting Rooms, Pattern Shop, Foundry, Machine and 
Blacksmith Shops, and are prepared to design and contract for Special 
Machinery. Correspondence solicited. Visitors are welcome and 
will be shown through our works at any time. 

Correspondents please mention Digest of Physical Tests, 
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The following accessories are recommended as indispensa¬ 
ble to the complete outfit of a Physical Testing 
Laboratory for Cement and Building Materials, in 
addition, of course, to a Standard Cement Testing 
Machine : 


Nest No. 2 Cement Test Sieves, 
Nest No. i Sand Test Sieves, 
Special Scale, 

Counter Scale, 

Mason Trowel, 

Pointing Trowel, 

Mixing Table—glass, 24x24 in., 
12 Galvanized Iron Pans, 
24x24x3 in., 

Half-Gallon Measure, 

Cement Sampler, 

12 8-oz. Tin Cans, 

Rubber Gloves, 

16-oz. Measuring Glass, 

50 c. c. Graduated Glasses, 

500 c. c. Graduated Glasses, 
Test Wires, 

Gang Four Molds, Brass, 

6 Molds, 

1-in. Cube Molds, 

12 Glass Plates, 5x7 in., 

Barrel of A. S. C- E. Sand, 
Tamper for Briquette, 

Cement Mixer, 

Copper Steamer for Test Speci¬ 
mens, 24x12x2 12-in., 

Outfit for above—Burners, Ther¬ 
mometers, and Rubber Tub¬ 
ing, 


Heavy Copper Furnace for Dry¬ 
ing Test Specimens, 

Burners, Thermometers, and 
Rubber Tubing for Same, 
Abrasion Cylinder, 20x24 in. 
long, 

Asphalt four-gang Brass Cement 
Molds, Plate 326 (3x3x2 in.), 
Nest three Brass Sieves, with lid 
and bottom, 

1 Abrasion Cylinder, 30x36 in., 
3 Three-gang Molds, Brass, 

1 Candlot’s Specific Gravity Ap¬ 
paratus, 

Or 1 Le Chatelier Specific Grav¬ 
ity Apparatus, 

Vicat’s Indenting Apparatus, 
Vicat Piston, 

Temperature Apparatus, 
Volumenometer, 

Single Hammer Briquette 
Former, 

Double Hammer Briquette 
Former, 

Apparatus for Measuring Shrink¬ 
age, 

Tamper and Stand, 

2-minute Sand Glass, 

6 dozen Test Glasses, 
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...Book Oepartme/st... 

Tkjc I rtmpnt has keen °P ene d f° r the convenience of our readers. The books. 

t Ulo IHlWlll here listed arc recommended by our editors as being good ; the date 

of publication, author, size and number of pages are given. We cannot send books for examination, charge 
them to book account or on C. O. U. orders. Cash must accompany order. Wc will pay postage to any part 
of the Universal Postal Union. No books exchanged. 

A Manual on Lime and Cement. Their Treatment and Use in Construction. By 
A. Ii. Heath. A complete treatise on the manufacture and use of lime, hydraulic cement, 
Portland cement. Covering the subject from a chemical, practical, and theoretical standpoint; 
a clear anti lucid statement on tests and chemical changes in the setting of Portland cement, 
adulterations, microscope tests, simple tests, American tests, packing and ramming of layers, 
for arches and floors, molded work, water-tight coating to concrete, and much oiher useful 
data. 215 pages, l2mo, cloth. Price, $2.50. 

Notes on Concrete and Works 5 m Concrete. Especially written to assist those 
engaged upon Works. By John Newman, C. E., Assoc M. Inst. C. E., a practical treatise on 
the Use of Concrete. Contents: Fineness and weight of Portland cement. Air-slaking, 
storing, and testing. Time required for setting. Sand, gravel, and stone. Five chapters are 
devoted to concrete as used in submerged structures, describing the various systems of construc¬ 
tion used. Mixing and depositing for work. F'acing concrete. Arches. Pier and harbor 
work. Last London edition. 138 pages, i2mo, cloth. Price, $2.50. 

A Practical Treatise on the Strength of Materials. Including their Elasticity 
and Resistance to Impact. By Thomas Box. Third edition. 525 pages, 27 full page and 
folding plates, 8vo, cloth. Price, $7.25. 

Strength of Cement. By J. Grant. 8vo. Price, $4.25. 

Stone. IIow to get it and use it. Price, $?.oo. 

The Maintenance of Macadamised Roads. By T. Codrington. Price, $3.00. 

Materials of Construction. A Text-book for Technical Schools, condensed from 
Thurston’s “ Materia’s of Engineering.” Treating of Iron and Steel, their ores, manufacture, 
properties and uses; the useful metals and their alloys, especially brasses and bronzes, and their 
“ kalchords ”; strength, ductility, resistance, and elasticity, effects of prolonged and oft- 
repeated loading, crystallization and granulation; peculiar metals; Thurston's “maximum 
alloys”; stone; timber; preservative processes, etc., etc. By Prof. Robert H. Thurston. 
of Cornell University. Many illustrations. Sixth edition. Thick 8vo, cloth. Price, $5.00. 

The Materials of Construction. By Prof. J. B. Johnson, of Washington Univer¬ 
sity, St. Louis, Mo. Large octavo. Price, $6.00. the work will include: I. A Review 
of the Principles of Mechanics Applicable to the Strength of Materials; II. A Description of 
the Methods of Manufacture of Iron and Steel, Cements, Paving-brick, etc.; III. Testing 
machines and Methods of Testing the Strength of Materials; IV. The Properties of Materials 
of Construction as Determined by Actual Tests. 

strength of Wooden Columns. Report of Certain Tests on Full-size Wooden 
Mill Columns, made for Boston Manufacturers’ Mutual Fire Insurance Company. By Prof. 
C. Lanza. Paper, Svo. Price, 50 cents. 

Strength of Materials and Theory of Structures. By Henry T. Bovey, 
Dean of School of Applied Science, McGill University, Montreal, Canada. Second edition. 
8vo, cloth. Price, $7.50, 

The Stresses in Framed Structures. By Prof. A. Jay Du Bois, Sheffield Scien¬ 
tific School. Tenth edition. 4to. Price, $10.00. 

Iron and Cast Steel Founding. By Claude Wyi.te. .Second edition, revised and 
enlarged. 334. pages and 39 diagrams, i2mo, cloth. Price, $2.00. 

Calcareous Cements. Their nature, preparation, and uses, with some observations 
upon Cement Testing. By Gilbert R. Redgrave, Assoc. Inst. C. E. 252 pages, 30 engrav¬ 
ings, small octavo. Price, $3.00. 

Hydraulic Cements. Tesiing and Using. By Fredk. A. Spaulding. Price, $1.00. 

Limes, Hydraulic Mortar, and Cement. By Gen. Q. A. Gilmore. Price, $4.00. 

Address, F. A. RIEHLE, 1424 North Ninth Street, Philadelphia. 



Philadelphia Corliss Engines 

FOR 

ROLLING MILLS, ELECTRICAL RAILROADS, and LIGHTING, 

AND ALL KINDS OF FACTORY WORK. 

AIR AND GAS COMPRESSORS. 

TANGYE BOX FORM BEDPLATE. 

Philadelphia Engineering Works, Li mited. 

Long Distance Telephone 1781 . Mifflin and Meadow Sts., Philadelphia. 


Photographic Outfits 


FOR PHOTOGRAPHING 
MACHINERY. 


Blue Print Paper, Drawing Paper, and all Supplies for the Draughting Room. 


"TM OS. 

SEND FOR PRICES. 


M. McCOLLI l\J & GO., 

1030 Arch Street, Philadelphia. 


PATENTS 


For Invention and Designs, Copyrights, Etc., procured. 
Trade Marks Registered. Assignments Prepared and Recorded. 
Mechanical Expert Reports made, and cases involving Patent 
Law conducted. John A. Weitlersheim. Th 0 r. cord Building. 

J. A. WeUlershclm. W. C. Weiiicrslicim. K. H. Fairbanks. 9n an(J n „,. tI>m Slr , et uuilada-. 

Soft Steel Weldless Flanges Forged and Rolled, from Solid 
Steel Ingots, Suitable for High Pressure Steam, Water or 
Gas Lines. For details as to prices, etc., address 


FLANGES. 

LATROBE STEEL CO., 1200 GIRARD BUILDING, PHILADA., PENNA. 



IRON WORKS, 

166-176 EAST THIRD ST., LONG ISLAND CITY, N. Y. 

MANUFACTURER OF 

Self-Dumping and Self-Righting Coal and Ore Buckets, Side, End, and 
Bottom Dumping Cars, Steel Rails, Switches and Curves, 

Iron Wheelbarrows, Hoisting Blocks, Etc. 

Illustrated Catalogue sent on application. 


GL L. STUEBNER, 
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FOUNDRY EQUIPMENTS AND SUPPLIES 


MANUFACTURERS 


Brass Furnaces, 

Crucibles, 

Tongs, 

Core Ovens, 

Iron Flasks, 


Wire Brushes, 
Bristle Brushes 
Bellows, 

Riddles, 

Shovels, 


Plumbago, 

Sea Coal, 

Mineral Facing, 
Stove Plate Facing, 
Molding Sands. 


Cupolas, 

Fire Brick, 
Fire Mortar, 
Fire Sand, 
Mica Schis' 


J. W. PAXSON & CO., PHILAD A, PA 


Wm. J. Donaldson & Co., 

ALPHA PORTLAND CEMENT. The finest ground and strongest Portland Cement in the 
world. Used exclusively on the Holyoke Dam, Mass., and many other important operations. 


5 ADAMS ST., BROOKLYN, N. Y 


WESTERN OFFICE: 96 W. WASHINGTON ST., CHICAGO 


Designers and Builders of 


AND SPECIAL MACHINERY 


FOR ALL 


SHEET METAL WORK 


400-PAGE CATALOGUE. CORRESPONDENCE SOLICITED 


DROP HAMMERS AND SHEARS 


OWNING AND OPERATING 


Stiles ” Punching Press. 


Please mention Digest of Physical Tests. 
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Th «JlSorniovo Locomotive Manufacturing Co. 

. . . RUSSIA . . . 


T HE above Company ordered an immense quantity of machinery from America for the 
equipment of their shops in Russia. Nothing short of perfection can these shops be 
when completed. Their testing laboratory will be equipped with Kiehle 100,000 lbs. 
testing machine, automatic and autographic (see illustration), and also a specimen milling 
machine for boiler plate. 



RiehiA U. S. Standard Automatic and Autographic Testing Machine, with Screw Beam 

100,000 Lbs. Capacity. 


The testing machine is fitted with screw beam. The poise is arranged to engage with 
screw and be automatically driven along beam by electricity, the operation of which is as follows : 
When pressure on specimen raises the beam, contact with battery is made by beam itself the 
current passes to magnet, this attracts its armature, which in this case is a lever, operating 
friction disc connected to screw by gears. Thus it will be seen the poise can only advance 
when beam rises beyond its balance to make contact. 

The extensomeler swings to specimen, or away if not needed. In operating, two clamps 
are fixed to specimen, the fingers of extensometer are brought in contact with these clamps, and 
follow up the stretch of specimen, the reciprocating motion of specimen is converted'int* 
circular, and transmitted to drum by wire cord. The pencil is driven by screw vertically to 
record pressure, and the motion of drum causes pencil to delineate the curve of stretch, show¬ 
ing limit point of elasticity and completing diagram of strain. 













DIMENSIONS. ADAPTATION. 

Extreme Height,.about 3 feet. I To measure power of machines, engines, motors. 

Extreme Length,. '■ 7feet. shafting, etc., Irom a fraction of horse-power to one- 

Extreme Width. “ 2 feet, j or two hundred horse-power per 100 revolutions per 

Weight,. “ 250 lbs. , minute. 

Shipping Weight,. “ 3 2 S Its I 

This apparatus has 28 inch disc ; by increasing the number of discs, keeping the same size, the Dynamometer 
will absorb over 100 horse-power at 100 revolutions per minute. 


This Dynamometer, the invention of Prof. G. I. Ai.den, of Worcester, Mass., takes the 
place of all forms of the Prony Brake; is self-regulating perfectly steady, and is self contained, 
l he power is absorbed by a disc rotating with shaft of machine between copper plates held in 
an outer casing. The pressure against these copper plates is produced by water regulated by a 
valve of peculiar construction, which operates automatically. The ouier casing 1ms a beam 
carrying a poise to balance the friction between revolving disc and copper plates. The disc 
runs in a bath of oil and is kept cool by a constant stream of water flowing through. The fric¬ 
tion produced is the friction of oil. 

It is indispensable in making accurate tests of motors of all kinds, steam engines, water 
wheels, or steam turbines. Its neatness and ease of management make it particularly desirable 
in every testing laboratory. It has been thoroughly tested for three years, and is 
perfect in its working. 


This Dynamometer Is suitable for measuring the power of Machines, Engines, Motors, Shafting, 
etc., and every Factory, Machine Shop, and Institute of Learning should have one. 


Patented December 15th, 189J. 
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Union Central Life Insaranee Go. 

CINCINNATI, OHIO. 

ORGANIZED 1867. 

JOHN IV1. PATTISON, President. 


Gains in 1895. 

THE ANNUAL REPORT AGAIN MAKES THE FOLLOWING FAVORABLE EXHIBIT: 

Low Death Rate Maintained. 

High Rate of Interest Realized. 

Low Rate of Expense. 

Increase in Assets. 

Increase in New Business. 

A Large Cain in Surplus. 


Gain in Income,.. $261,413.47 

Gain in Interest Receipts,. 1 13,895.05 

Gain in Surplus,. 302,082.66 

Gain in Membership,. 4,363 

Gain in Assets,.1,839,617.82 

Gain in Amount of Insurance. 9,038,080.00 

Gain in Amount of New Business Written, .... 3,928,039.00 

Total Assets,. 14,555,288 63 


ARCHIBALD C. HAYNES. REGINALD L. HART. 


Archibald C. Haynes & Co. 

GENERAL AGENTS, 

NEW YORK, BROOKLYN, PHILADELPHIA. 

-OFFICES--- 


AMERICAN SURETY BUILDING, 100 BROADWAY, NEW YORK. 
OREXEL BUILDING,PHILADELPHIA. 
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ADVERTISING DEPARTMENT. 


CRAMP’S SHIP-YARD 

PHILADELPHIA, PA. 


Battle Ships, Cruisers, 

Passenger and Freight Steamships, 


STEAM MACHINERY of every description, including boilers and all 
equipment, Marine Engines of any desired power, Mining Machinery, 
Hydraulic Plants, both for pumping and for power, Tank Works; in 
short, every device or appliance embraced in the domain of applied 
mechanics. 

RAPID FIRE GUNS AND AMMUNITION. 

GUN CARRIAGES. 

BASIN DRY DOCK AND MARINE RAILWAY. 

PARSONS’ MANGANESE BRONZE AND WHITE BRASS. 

WATER TUBE BOILERS (Niclausse, Mosher, Yarrow). 

AREA OF PLANT, 43 r 8 „ acres. Area covered by buildings, fifteen 
acres. Delaware River front, 1,495 feet. 

FLOATING DERRICK, “ATLAS,” capacity, 130 tons, with 60 
feet hoist, and 36 feet out-hang of boom. 

NUMBER OF MEN EMPLOYED, about 6,000 in all departments. 

AT ONCE, the greatest and most complete Ship-and Engine Building estab¬ 
lishment in the Western Hemisphere. 


ADVERTISING DEPARTMENT. 

Digest of 
Physical Tests 

P ublished quarterly bv 

Frederick A. Riehle, 

Philadelphia, Pa., U. S. A. 

Joseph W. Bramwell, Editor. 


Entered at the Post-office at Philadelphia, Pa., as second-class matter. 


Subscription: 

$ 1.00 per Year in Advance. 

$ 1.50 per Year for Foreign Countries within Universal Postal UnioVi. 
Single Copies, 30 Cents. 


ADVERTISING RATES FURNISHED UPON APPLICATION. 


The Digest of Physical Tests is issued in January, April, July, and 
October. It is devoted especially to the science of testing materials in our 
own and foreign laboratories. The Editor will gladly print reports of tests 
on any material calculated to advance the science and to bring engineers in 
general in closer relation with this interesting and highly important subject. 


CORRESPONDENCE SOLICITED. 



These Testing Machines are made in capacities ranging from 10,000 l 6 s. to 1,000,000 lbs., and are adjusted to the standard of all nations. 
They are constructed under plans approved by the “ BRITISH LLOYDS,” and certificates furnished from this Association when desired. These 
certificates are recognized all over the world, and tests made upon machines operated under same are accepted everywhere. In the engraving the 
Hydraulic Pump is not shown, but a high grade efficient Hydraulic Pump of variable stroke is furnished with the machine. 



RIEHLE IMPROVED LEVER CHAIN TESTING MACHINE. 






































































































